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ABSTRACT 
Dairy calves feel diets of milk alone anel milk supplemented 
with iron, copper, manganese and cod liver oil made supernormal 
growth, but were linable t'O survive after 12 to ];:; months of age. 
At G to ]0 1110nths of age the calves were about 20 per cent above 
normal in body weight. Calves feel milk al011e showed evidences of 
anemia after G months of age, but those fed mineralized milk and 
cod liver oil showed no evidences of anemia and continued to gain 
in weight longer than the calves fed milk only. Death was preceded 
by anorexia, dyspnea and physical weakness. 
Milk was found to supply sufficient minerals including calcium, 
phosphorus and magnesium for gTowth as evidenced by normal 
blood serum values and failure of tetany to devellOP. Sufficient 
vitamin D was provided by the whole milk and solar radiation for 
normal bone development. The bones of the calves fed cod liver 
oil were slightly more dense than those of the group fed exclusively 
on milk. 
The energy metabolism of both milk-fed groups tended to be 
above normal. After 6 to 8 months the calves were dyspneic, 
nervous and highly irritable, which maT explain the relatively high 
energy metabolism. 
Postmortem findings ,,"ere characterized by hemorrhages 'Of the 
kidney, lung, thymus, and heart. Enlargment of the thymus and 
degeneration of the heart muscles was usually noted. The digestive 
tract, with the exception of the abomassum, was underdeveloped. 
Catarrhal conditions and ulcerous areas \vere observed in the 
pyloric end of the true stomach and the duodenal section of the 
intestine. Histological examination of various tissues showed 
them to be normal. 
The nature of the dietary deficiency responsible for death is 
obscure, but the evidence accumulated would suggest a vitamin 
deficiency. 
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Growth and Development of Dairy 
Calves on a Milk Diet 
H. A. HERMAN* 
Milk occupies a unique position as a food. During the infantile 
stage of growth in mammals it is the natural, complete food. As 
cv diet for more mature animals, however, milk alone is inadequate 
and attempts to raise mammals to maturity on sole milk diets have generally failed. 
I t is generally recognized that the first milk following parturi-
tion, colostrum, is essential for the life and health of the young. While the necessity for colostrum is not equal in all species, Ragsdale and Brody (1923) found the mortality for dairy calves deprived of colostrum to be 32 per cent. In many species the 
young mammal normally lives and thrives for several months on 
milk alone. The normal milk feeding period usually varies with 
the growth cycle of the species. Guinea pigs, for instance, on the day of birth consume other foods in addition to milk. Humans, however, subsist on an almost exclusive milk diet to about nine 
months of age. Dairy calves begin to supplement a milk diet by 
nibbling at other feeds when two or three weeks old. 
Milk is exceedingly low in iron and copper, both of which have been shown to be necessary in the diet for prevention of, 
nutritional anemia, and it is not possible by any method of feeding' yet devised to increase these minerals in mille To offset this 
condition, 'young mammals are born with a store of iron, copper, 
and other essential minerals in their bodies, which normally 
suffices until they begin to supplement the milk intake with a 
mixed diet. Bunge (1892-93) showed that the percentage of iron in the body is highest at birth, decreasing to a minimum at wean-ing. He observed that guinea pigs contain only a small store of iron at birth, which harmonizes with the fact that the newborn 
of this species begin to eat a mixed diet the day of birth. At the 
end of the suckling period the body iron is largely in the form of lobin, and the reserve iron is very low. A continued sole milk diet, 
with its low iron content, therefore, soon leads to anemia. 
The fact that different species do not respond alike to diets 
of milk alone or milk supplemented by certain minerals and vit-
cvmins, constitutes a puzzling problem. Attempts to raise calves 
on milk diets Or milk supplemented by various minerals, have 
consistently failed. 
'Submitted in pa.rti-a] fulfillment . .of the requirements for tIle' degree of Doctor of Philosophy in the Graduate School of the Unive·rslty of Missouri, 1936. 
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Rats, however, may be raised and reproduce for five to six 
generations on a diet of whole mi~k supplemented with minerals 
and cod liver oil, according to Daniels and Hutton (1926), Mitchell 
and Schmidt (1926), Sure (1926), and Daniels and Everson (1935). 
Previous work, particularly at the agricultural experiment stations 
of Michigan, Kansas, Minnesota and Iowa, has suggested the 
possible efficacy of similar supplements for calves on exclusive 
milk diets. 
In view of the fad that it was desirable, in connection with 
certain studies dealing with the growth and energy metabolism 
of farm animals already under way at the Missouri Agricultural 
Experiment Station, to determine the metabolism of dairy calves 
on a: milk diet, or particularly a diet devoid of roughage, it was 
decided to attempt to grow Holstein calves on diets of milk plus 
supplements which had provided an adequate diet for growth and 
reproduction in rats. The details of the experiment will be given 
later. The investigations reported here have been undertaken 
with the follow'ing objectives in view: 
' . 1. To study the growth and development of dairy calves on 
a sole~milk diet and on a milk diet supplemented with iron, copper, 
manganese and cod liver oil. Special attention was given to age 
changes in liveweight, linear dimensions, food consumption, energy 
'metabolism, energetic efficiency, and the blood picture. 
2. To study the post-mortem picture of dairy calves grown on 
a sole-milk diet and on a milk diet supplemented with iron, copper, 
manganese and cod liver oil. Particular attention was given the 
gross anatomy, skeleton, histological changes, and the iron, copper, 
and manganese retention by the tissues. 
REVIEW OF LITERATURE 
The growing animal requires food for two purposes, main-
tenance and growth. After sexual maturity is reached in mammals 
these requirements are extended to cover reproduction and lacta-
tion. Associates of Rogers (1935) call attention to the fact that 
young animals contain chemical elements and compounds which 
cannot be produced from every kind of food, and the female 
carrying young must either get these elements from her food or 
take them from her own body. The nutritive needs of a growing 
animal are similar to those of a pregnant female. Gro,wing anima,ls 
must have a number of particular chemical compounds in their 
food to provide for the material which is being . constantly added 
to their bodies. 
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Necessity of Milk for the Suckling Calf. 
The calf is nourished exclusively on milk during the first 
fifteen to twenty days of its life. It then gradually substitute3 
other foods for milk, and usually lives through a considerable 
portion of the growth period and all of the adult life without con-
suming milk at all. It is thus concluded from general observations 
that mother's milk is a satisfactory food for the young and that 
older animals can thrive without it. Because of the economic: 
considerG).tions, many investigations have been made with da·iry 
calves to determine the minimum amounts of milk necessary to 
grow calves successfully, and it has been demonstrated time and 
again that unless a certain minimum amount of milk is used in 
raising calves through early life their growth and health are 
adversely affected. Fraser and Brand (UJli3). and Lindsey (1915), 
studying the minimum amounts of milk necessary for desirable 
growth. conclude that calves cal1not be raised on less than 140 to 200 
pounds of wholemilk and about 500 pounds of ski111111ilk. 
Lane-Claypon (191G) gives a complete review of work which 
supports the fact that the mother's milk. or milk of a like species, 
is indispensable to the newborn. She notes that young fail to 
thrive on milk of other species, and that the deleterious effects of 
foreign milk are more marked the earlier it is substituted. 
Milk as a Food for Calves After the Suckling Stage 
The inability of milk alone to support growth after the 
suckling stage has been the source of many investigations. Some 
of the earlier studies were made before the value of vitamins 
was fully appreciated. In the later work, however, practically all 
investigators have assumed that normal cow's milk contained 
vitamins A, B, D and E, but not appreciable quantities of vitamin 
C. However, the need for vitamin C in the nutrition of dairy cattle 
has not been demonstrated. 
Davenport (1897) conducted a series of experiments in which 
he fed calves both whole and skimmilk alone and supplemented 
with roughage or grain. He reports that calves on milk only 
showed a ravenous appetite, enlargement and stiffening of the 
joints, spells of dizziness followed by fits, and difficult locomotion. 
The calves grew well for three or four months, the growth rate then 
declined rapidly but underwent a sudden and unexplained rise just 
before collapse. The addition of hay or straw to the diet corrected 
these difficulties. 
McCandlish (1918, 1923, 1924) attempted to determine the 
value of milk in a ration for calves. He feel two calves on milk 
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alone, one of which lived to be 208 days of age and the other died 
at 176 days. The animals became weak in the knees, down on 
their pasterns, showed a stiff gait and were generally inactive. 
They showed an extraordinary appetite for salt. Fits and con-
vulsions appeared at four months and continued until shortly 
before death. At post-mortem the bones of one calf were soft 
and flexible and the bones of the other showed evidences of having 
broken and healed. The addition of canned tomato juice to the 
diet did not remedy the difficulty. Other trials by McCandlish 
(1923) showed that the addition of cereal grains and linseed oil 
meal did not ameliorate the difficulties encountered, but the addi-
tion of alfalfa hay to a milk diet enabled the calves to make satis-
factory growth. 
Eckles (1'927) also conducted trials with calves on a sole 
milk diet, and confirmed the work of other investigators that 
milk alone was not a complete diet for older calves. He demon-
strated that the deficiency was not due to a lack of vitamins A, B 
and C. By feeding calcium carbonate he was able to prevent the 
occurrence of convulsions at four to six months, but at eight to 
nine months of age the calves were nearing collapse. The feeding 
of straw, or straw and grain, made possible the raising of calves 
to one year of age, but at that age they appeared to have small 
joints and a stiffness of the legs. 
Huffman (1922) and Huffman and Robinson (1926) fed calves 
on wholemilk and on milk supplemented with various materials. 
Most of the calves used in these experiments exhibited symptoms 
typical of those fed milk for prolonged periods of time. They 
observed a lowering of the blood c'alcium and symptons typical 
of parathyroidectomized anim.als. Most of the animals succumbed at 
about ten months of age. However, three calves fed syrup of iron 
phosphate in addition to the sole milk diet, lived from 501 to 710 
days. 
Fitch, Hughes and Cave (1923 and 1932) were unable to raise 
calves on sole milk diets. Cave and his co-workers (1934:) report 
raising calves to 12 months of age on diets of milk alone and milk 
plus mineral and vitamin supplements. The calves were killed at 
12 months of age for bone analyses. 
Cannon (1931) also noted that calves on a milk diet developed 
anemia. The calves became dyspneic, showed great weakness and 
lacked color around the tongue and muzzle. These conditions 
were remarkedly improved by feeding alfalfa hay and straw. The 
feeding of alfalfa hay and grain for a period before feeding a diet 
of wholemilk allowed storage of iron in sufficient quantities to 
prolong health. 
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Bennett (1932), continuing experiments at the Minnesota 
Station on diets of wholemilk alone and supplemented with various 
mineral mixtures, using both calves and pigs, found that ca·lves 
survived on such a diet from 177 to 262 days. He observed that 
an exclusive milk diet had serious limitations in pig feeding and 
marked anemia and other abnormalities occurred in a short time. 
Gullickson (1934) reports various mineral supplements in-
cluding calcium carbonate and cod liver oil delayed the onset of 
abnormalities until calves were six to eight months old. Strangely 
enough, the calves receiving the mOre complex mineral mixtures 
were the first to show evidences of breakdown. 
Knoop, Krauss, and Washburn (1'935) observed that Holstein 
male calves develop nutritional anemia when fed wholemilk alone. 
The daily addition of inorganic iron and inorganic copper prevented 
anemia in calves raised to about eight months of age, at which 
time the calves were showing some evidence of malnutrition and 
were slaughtered. 
Milk as the Chief Diet for Other Farm and Laboratory Animals 
The inadequacy of a wholemilk diet for animals other than 
ca1ves is demonstrated by a number of researches. Herter (1898) 
attempted to raise pigs on milk but found they soon developed leg 
weaknesses and died. McCollum (1919), however, using a similar 
diet, reports the rearing of a sow to sexual maturity with the 
production of a normal litter of pigs. McGowan and Crichton 
(1924) and McGowan (1926) as well as Bennett (19:32) found a 
milk diet highly unsatisfactory for growing pigs and evidences 
of malnutrition appeared quickly. 
Barnstein (1905), Moro (1907), and Meyer and Nassau (1925) 
used guinea pigs which succumbed in a very short time, in some 
cases three to five days after being placed on a milk diet. Rabbits 
fed on cow's milk died after several weeks. Death took place on 
diets of both raw and sterilized milks. 
Moro (1907), Gibson and Conception (1916) found dogs unable 
to survive on a diet of cow's milk. Leg weaknesses, paralysis, 
symptoms of beri-beri, and degeneration of the peripheral nerves 
were observed in dogs fed sole milk diets. Little difference was 
found whether fresh or autoclaved milk was used. 
The inadequacy of a wholemilk diet for growth and develop-
ment and proper nourishment of the rat has been demonstrated 
by a large number of workers. Daniels and Stuessy (1916) using 
raw cow's milk as a food for rats found that the animals grew 
slowly and could not be kept alive on such a diet. Winfield (1918) 
reports raising rats to 16 months of age in some cases on a diet of 
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dried milk. Although the animals were apparently healthy they 
grew at Cl! lower than normal rate, reproduction was abnormal and 
the young did not survive. 
Mattill and Conklin (1920) found that in rats fed from weaning 
on fresh cow's milk initial growth was satisfactory, but after 50 
to 100 days growth was retarded and reproduction failed. Dried 
milk afforded better growth but the animals did not reproduce. 
Palmer and Kennedy (1922-23) partially confirmed the work of 
Mattill and Conklin, some of their rats gave birth to young, but 
aHer two or three weeks of age the young began to exhibit weak-
nesses and were destroyed by their mothers. The above related 
results have been confirmed by a number of other workers including 
Daniels and Hutton (1925); Daniels, Jordan and Hutton (1929); 
Waddell, Steenbock and Hart (1929a', 1929b, 1931) ; Lewis (1929); 
Elvehjem and Hart (1929, 1929a); Krauss (1929, 1'931); Sperry, 
Elden, Robscheit-Robbins and Whipple (1929) ; Mitchell and Miller 
(1929) ; Hart, Elvehjem and Steenbock (1930); Beard and Myers 
(1930, 1931); Drabkin and ·Waggoner (1930); Supplee, Dow, 
Flanigan and Kahlenberg (19:10); Waddell (19:11); Cunningham 
(1931); and Drabkin and Miller (1931). 
The complexity of the ruminant digestive system, and a lack 
of complete understanding concerning the mineral and vitamin 
needs of the bovine, render the interpretation of results obtained 
with this species somewhat difficult. The present knowledge of 
nutrition is a result of practical observation as to rations which 
have proved to be life-sustaining under various conditions and the 
application of experimental procedure to establish the necessity 
of each known component of the diet. In some species the use 
of synthetic diets has given enlightening results. Information of 
this type, ho\vever, is somewhat fragmentary for the bovine. 
Factors Comprising an Adequate Diet With Special 
Reference to Milk 
An adequate diet supplies water, carbohydrates, fat, protein, 
minerals and vitamins in amounts necessary for maintaining the 
body in excellent health, for growth, reproduction, lactation and 
work. The requirements for carbohydrate, fat, and protein are 
fairly well established, but there is yet a lack of clarity in the 
literature as to the kinds and amounts of mineral and vitamin 
needs of the bovine. In addition to the above listed character-
istics of a good ration, other factors such as palatability, variety; 
bulk, succulence and general effect of the diet on the animal over 
a long period of time, must be taken into account. Many of these: 
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factors are somewhat difficult to demonstrate from a chemical 
standpoint, but the advancing knowledge of nutrition, particularly 
from the standpoint of vitamin studies, gives a further insight into 
the matter. 
In comparing milk alone against a diet containing all of the 
above factors in optimum amounts, a number of limitations are 
brought to light. The recognized requirements of a good ration 
and the possible deficiencies of milk as a sole diet will be briefly 
discussed. 
Water.-Morrison (1936) mentions that water might well be 
considered the most vital of all nutrients. Water performs the 
following functions in the body: (a) carries nutrients from one 
part of the body to another by holding them in solution or sus-
pension; (b) distends the cells and enables the organism to hold 
its shape; (c) enters into the ma'ny chemical changes and intricate 
life processes involved in the body metabolism; (d) is necessary 
in the elimination of body wastes; (e) by evaporation it dissipates 
excess body heat. 
Water is an important constituent of body tissues, making 
up as much as 60 per cent of the body of the young animal and 
from 40 to 50 per cent of the mature. 
Trials at the Idaho Station (lllil4) and also the Wisconsin 
Station (1935) show that calves raised principally on skimmilk 
and dry feeds consumed from 15 to :3il pounds of water per day, 
the amount varying according to the amollnt of liquid milk fed . 
Bowling and Ackerman (lll:3:3), using calves on the usual diet of 
skimmilk, grain and hay, found little difference to eight months 
of age between the body weight of calves allowed water and those 
from which it was withheld. 
On the average, the water content of Inilk is about WI per 
cent, and milk compares favorably to that of fresh grasses, root 
crops and silage. 
Energy.-The energy content of milk is relatively low because 
of its large water content. Sherman (19:3:3) estimates the "physio-
logical fuel value" of cow's milk as approximately GHO · calories 
per liter, or :3i3 calories per ponnd. 
The energy value of milk varies according to its fat cOl'itent, 
the sugar content being fairly uniform. Mon:ison (1!);)6) and Eckles 
et aL (1929) state respectively that the percentage of fat in average 
cow's milk is 3.7 and :3.8. Gaines (1928) has suggested that since 
the energy value of milk varies with its fat content, the calorie 
value should be expressed in terms of a 4: per cent fat content. 
He suggests the formula "FCM = O.4M--'-15F", where FCM (fat 
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corrected milk) is gross energy value in terms of normal average 
cow's milk of 4 per cent fat content; M is actual milk; and F is fat, 
a:ll in the same unit of weight. One pound of FCM, or 4 per cent 
milk, contains 340 calories. Brody and Ragsdale (1935) have 
prepared tables for convenience in converting milk to a 4 per cent 
fat basis. Milk used in the experiments reported herein will be 
expressed in terms of milk containing 4 per cent butterfat. 
Lactose is the chief carbohydrate of milk. It is a disaccharide 
consisting of one molecule of galactose and one molecule of glucose, 
and is present in amounts of 4.6 to 5.0 per cent in normal cow's 
mille Lactose has been pointed out as having certain advantages 
in nutritive value over other sugars. The literature on this subject 
is in a very unsatisfactory state and few well founded statements 
can be made. Sherman (1933) calls attention to the fact that 
lactose is subject to less fermentation in the intestine than sucrose. 
Also, because of its lower solubility there is less danger of injuring 
the stomach membrane by lactose than by glucose. Matthews 
(1930) suggests that the galactose radical of lactose may be of 
special significance as a source for synthesis of the galactosides of 
the brain and nerve tissue of the growing young animal. It ha:s 
been well established that a liberal supply of lactose in the diet 
will establish an intestinal flora favorable to the growth of acido-
philus orga:nisms and inhibitive to the putrefactive type. Whittier, 
Cary, and Ellis (1935) found rats fed 30 per cent lactose as a part 
of the diet gained faster and lived longer than control rats fed 
sucrose. Outhouse, Smith, and Merritt (1933) report lactose a 
ractor in aiding calcium assimilation. While given little attention 
in the normal ration, the special attributes of lactose are of inter-
est and perhaps much significance where an animal is on a sole 
milk diet. 
The milk fat exists in the form of minute globules in emulsion. 
It is one of the most complex natural occurring fats, and aside from 
supplying energy serves as a carrier for vitamins A and D. Butter-
fat consists of a mixture of glycerides, free fatty acids, cholesterol, 
carotene, a:nd in some instances small amounts of lecithin. The 
dietary value of fats is not very well understood. Careful experi-
ments by Osborne and Mendel (1920) have shown that rats can 
grow on rations containing very little fat, but which furnish suffi-
cient amounts of protein, carbohydrates, minera:ls and vitamins. 
However, Burr and Burr (1929-1932), among others, show that 
for growth in rats, small amounts of certain unsaturated fatty acids 
(linoleic acid or linolenic acid) must be supplied in the diet or 
the animals fail to grow, become unthrifty and die. Whether or 
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not growing calves need these fatty acids is an open question. 
The usual rations fed stock probably provide sufficient amounts 
of such essential substances. Milk, according to associates of 
Rogers (1935) contains the following fatty acids in the percentages 
given: 
Butyric .......... .............. 8.9 % Caproic ........................ 2.7% 
Caprylic ...................... 2.0% Capric .......................... 3.0% 
Lauric ................... ....... 4.7% Myristic ...................... 10.9% 
Palmitic ...................... 24.3% Stearic ........................ 5.4% 
Oleic ............................ 34.6% Linoleic ...................... 3.5% 
While not substantiated by experimental evidence, if calves do 
require linoleic acid it appears that a diet of wholemilk alone 
would furnish sufficient quantities. The relation of milk fat and 
vitamins will be discussed elsewhere. 
Protein.-The necessity of protein in the diet was appreciated 
by nutrition workers from the time Wolff (1874) suggested, in his 
early feeding standards, the amount of crude protein he believed 
necessary for the various classes of livestock. Mitchell and Hamil-
ton (1929) give a very critical and comprehensive review of the 
literature dealing with the nutritive value of the proteins arid 
amino a-cids. 
The protein content of cow's milk is about 3.4 per cent and 
consists chiefly of casein, lactalbumin, with traces of lactoglobin, 
lactomucin and other minor proteins. The nutritive ratio of cow's 
milk is 1 :3.9 and the rapidly growing young calf is apparently 
adapted to a diet of this somewhat narrow ratio of protein to 
energy until several weeks of age, when the addition of roughage 
brings about a reduction in the ratio of protein consumption. 
Feeding standards of Morrison (1936) provide a minimum 
level of protein feeding for calves at different ages, and milk as 
a sole diet can be checked against these. The feeding standards 
call for a nutritive ratio of from 1 :3.9 to 4.5 for the calf shortly 
after birth, but this ratio gradually changes to 1:6 for a six 
month's old calf and finally to 1:9 to 10 for a two-year-olcl. Thus 
a sole-milk diet supplying sufficient energy for growth will also 
provide an abundance of protein. As Mitchell (1929) points out, 
there is an array of evidence to indicate that our present standards 
for protein requirements provide amounts in many cases above 
the minimum required .. Feeding standards do not ta-ke into account 
the quality of the protein. Milk and animal proteins, through their 
amino acid make-up, possess unique qualities from a nutritional 
standpoint. Our knowledge concerning the quality of milk proteins 
is insufficient to warrant conclusions a-s to their results in a sole 
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milk diet. While the results with milk proteins have varied con-
siderably, it is fairly well established that milk and meat proteins 
are more efficiently used than vegetable proteins and that the 
mixture of proteins in milk is more efficiently used than casein 
alone. Mitchell (1929) and his co-workers have determined the 
nutritive values or "biological values" of several proteins fed at 
5 per cent levels to rats. The biological values for some of the 
proteins, according to Mitchell, are 'given: 
Kind of Protein Biological Value 
Milk ...................................................... 93.4% 
Rice ...................................................... 86.0% 
Oat ........................................................ 78.6% 
Soybean ................................................ 78.0% 
Corn .............................. ...... .. ......... ....... 72.0% 
Ca'sein .................................................. 70.8% 
Whether or not the protein of milk alone is sufficient for 
growth and general well-being is yet to be determined. It is gen-
erally accepted that of the 22 known amino acids, the following 
are apparently essential for the growth of rats: lysine, tryptophane, 
cystine, histidine, phenylalamine, leucine, isoleucine and alpha-
amino-beta-hydt;oxy-butyric acid. According to associates of 
Rogers (1935), it would seem that all the essential amino acids 
are present in milk, but not necessarily in optimum amounts. 
The cystine content of casein is reported by these writers to range 
from 0.21 to 0.34 per cent. 
The possible physiological effects of heavy protein ingestion 
have been widely investigated. Mitchell (1929) reviews the point 
thoroughly and points out that rats were maintained and grew 
normally on a diet composed of 90 per cent protein. In the case 
of young animals there may be some hypertrophy of the kidney, 
but in adult rats the renal effect was scarcely distinguishable. 
Essential Minerals.-The Mineral Content of Milk.-V on Lie-
big (1860) recognized the necessity of inorganic elements in the 
rations of farm animals and Foster and Lunin (1888) found that 
animals fed an ash-free diet perished sooner than those kept with-
out food. Sherman (1933) discusses in detail the mineral needs 
of the body. Bunge (1898) points out the similarity between the 
elements found in the ash of dog's milk and the ash of the dog's 
body. 
Minerals are essential for bone formation and are constituents 
of many biologically important compounds such as hemoglobin 
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and lecithin. In addition they are of vital importance in body 
processes, affecting the permeability of cell membranes, hydrogen 
ion and osmotic equilibrium, protein solubility, muscular con-
tractions, nervous irritability a'nd the secretion of digestive juices, 
perspiration and urine. The mineral metabolism of the body is 
delicately regula ted. In addition to the physiochemical processes 
of an osmotic nature there is evidence that certain hormones and 
vitamins play a part. Countless experiments have proved that 
where the diet is deficient in mineral elements the animal draws 
on its body reserve to meet the deficiency. The high yielding dairy 
cow is a classical example of this fact. Milk is rich in minerals, 
particularly calcium and phosphorus, and serves to meet the needs 
of the rapidly growing young. It must be borne in mind, however, 
that the young animal is born with a rich store of minerals in its 
body, and it is problematical whether milk minerals are adequa'te 
early in the life of the animal and not for later development, or 
whether the animal is able to thrive on a sole milk diet only so 
long as its storage of the body minerals lasts. Evidence seems 
to indicate that the latter suggestion is more plausible. 
Rose (1929) lists the minerals essential to animal life as 
foIlows: C, H, 0, N, S, P, I, K, Na, Ca, Mg and Fe. Elements 
found in plant and animal tissues are listed as AI, As, Bo, Br, Co, 
Cu, F, I, Li, Mn, No, Si, Sr, Ti, Sn, Zn and Au. Later investi-
gations have shown that Cu, Mn and Zn should be included in the 
list of essential minerals. Hart and Elvehjem (1936) review the 
latest aspects of mineral metabolism with particular reference to 
those elements recently added to the list of essential minerals. 
Wright and Papish (1928) made spectographic analyses of 
the ash of cow's milk and report not only the identification of Ca, 
Mg, K, N a, and P in large quantities, and traces of Fe, Cu, Zn, AI, 
Mn and I, but also Si, Bo. Ti, Vn, RI, Li and Sr. The ash content 
of milk has been investigated by Orla-J ensen (1904-5), Babcock 
and Leach (1920), Richmond (1920), Overman, San111anl1 and 
Wright (1929), Perkins (1932), and others. A summary of these 
investigations shows the total ash content of milk to range from 
0.65 to 0.70 per cent with the more important inorganic constituents 
showing the following range: GaO, 19 to 29 per cent; P 20 5, 22 to 29 
per cent; K 20, 18 to' 29 per cent; Cl, 12 to 16 per cent; N a20, 2.5 
to 11 per cent; MgO, 1.2 to 5 per cent; S03, 2.5 to 4 per cent; and 
Fe20 a, 0.05 to 0.40 per cent. The relative amounts of the rarer 
minerals in milk such as copper, manganese, zinc, and iodine 
will be discussed in connection with their dietary needs. 
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Mineral Requirements for Growth of Calves and 
Deficiencies of a Sole Milk Diet 
Although milk contains all reported essential minerals, their 
concentration is inadequate when growing animals are forced to 
exist on a diet of milk alone. In this respect milk is not a "perfect" 
food. Many investigations, including those of Elvehjem, Herrin 
and Hart (1927), Elvehjem, Steenbock and Hart (1933), Hamilton, 
Mitchell and Nevens (1929) and Kemmerer and Todd (1931-32) 
indicate that the inorganic constituents of milk are not influenced 
by feeding. Iodine proves to be somewhat of an exception. Maynard 
(1929) reviews the work on this element. 
The animal requirements for essential minerals and the 
amounts supplied by milk will be briefly discussed. 
Calcium and Phosphorus.-Calcium and phosphorus are the 
chief minerals of the body. Bone consists of over 85 per cent 
calcium phosphate, and about 99 per cent of the body calcium is 
found in the skeleton, the remainder occurring as an essential 
constituent of the soft tissue and body fluids. It is well recognized 
that animals must have an adequate supply of vitamin D in order 
to utilize calcium and phosphorus. 
The calcium and phosphorus metabolism of dairy cattle has 
been studied by Forbes and co-workers (1916, 1917, 1918, 1922, 
1922a: and 1935); Eckles and Swett (1918); Hart and associates 
(1921, 1922, 1923, 1924 and 1926); Eckles, Becker and Palmer 
(1926); Huffman and Reed (1930); and Huffman et a1. (1933). 
These workers point out the characteristic skeletal defects and 
failure to thrive when cattle are on low calcium-phosphorus diets. 
The requirements for growing dairy cattle have not been so 
thoroughly investigated as those of lactating and mature animals. 
Kellner (1907) concluded that a growing calf should receive 28 
to 43 grams of calcium per day. Theiler, Green and du Toit (1927) 
found 2.23 grams of phosphorus al1d 4.99 grams of caJcium per 
day to permit only fair growth for heifers between 12 and 18 
months of age; and Henderson and Weakley (1930) concluded 
that the calcium intake should constitute at least 0.25 per cent 
of the total dry matter of the ration for growing heifers. Huffman 
and his co-workers observed good bone growth and normal develop-
ment in heifers fed a ration containing 6 to 12 grams of calcium 
daily from birth to two years of age. Clark (1927) estimated the 
average CaO of milk at 1.78 grams per liter. The calves used in 
the experiments reported herein were fed wholemilk at the rate · of 
1'0 pounds per day per 100 pounds liveweight. This rate of feeding 
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would supply 5.7 grams of calcium per day per 100 pounds live-
weight. This value approaches the lower limits recommended by 
the above investigators and if their approximations are to be con-
sidered accurate would indicate some possibility of a calcium 
deficiency on a sole milk diet. 
The daily phosphorus requirements of dairy cattle were esti-
mated by the above investigations to be about 10 to 15 grams 
per 1000 pounds. Henderson and Weakley (1930) found that the 
ration of calves must contain phosphorus in amounts greater than 
0.20 per cent in order to maintain the inorganic phosphorus of 
the blood at normal levels (5 to 7 mg. per 100 cc. plasm~l). Huff-
man (1934) reports raising heifers on an intake of 5 to 10 grams 
of phosphorus per day from birth to 18 months when alfalfa hay, 
silage, and sunshine furnished the only vitamin D. Ten to 12 grams 
of phosphorus per day were sufficient for maintenance, growth and 
development of the fetus from 18 months of age to first calving. 
According to Clark (1927), one pound of normal cow's milk con-
tains 0.20 grams of phosphorus. Thus calves on a sole milk diet 
and fed at the levels used in our experiments, would receive 
about 2 to 3 grams of phosphorus daily per 100 pounds liveweight, 
or 8 to 10 grams per day at six months of age (see Table 8a). 
This phosphorus intake is slightly lower than that provided 
by the low-phosphorus rations used by Henderson and Weakley 
(1930). The facts suggest that a phosphorus deficiency might be 
possible where a sole milk diet is fed. This suggestion receives 
further justification from the results of Huffman and co-workers 
(1930), who relieved signs of irritability produced in heifers on a 
sole milk diet by feeding magnesium phosphate. However, Theiler's 
heifers were able to live on an intake of only 2.23 grams of phos-
phorus per day. It has been suggested (Theiler et a1. 1927) that 
the phosphorus requirements increase with age, although the blood 
phosphorus decreases. Hogan and Nierman (1927), however, 
found the percentage of calcium and phosphorus in calves analyzed 
at 3, 8, 40, 45, and 48 months to be about the same at all ages 
where animals were comparable as to fleshiness. This indicates 
that the rate of growth rather than age is the best criterion in 
calculating the phosphorus requirements for growth. 
The cakium-phosphorus ratio has very little effect on the 
efficiency of calcium and phosphorus utilization by dairy cattle. 
According to Huffman (1934) ratios from 1:4 to 10 have not 
interfered with calcium and phosphorus utilization. Cow's milk 
contains about 1.5 parts calcium to 1 part phosphorus. 
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Magnesium.-The role of magnesium in nutrition is not very 
well understood. It makes up only about 0.05 per cent of the body 
tissues in humans, according to Sherman (1933). Schmidt and 
Greenberg (1933) give a thorough review of the work concerning 
the occurrence and transportation of magnesium in the animal 
body. Magnesium deficiency may result in tetany as was shown 
by Kruse, Orent and McCollum (1932, 1933). Huffman and 
Robinson (1'926) observed tetany in calves showing normal blood 
calcium values and later studies by Duncan and Huffman (1935) 
lead them to believe the cause due to "hypomagnesemia." The 
blood values reported for magnesium by these workers show a 
marked lowering when calves were fed a milk diet and Moore, 
Scholl and HaHman (1936) report gross lesions in the endo-
cardium and blood vessels of such calves. Cow's milk contains from 
0.019 to 0.029 per cent magnesium oxide, according to Sommer and 
Hart (1919) and 0.03 per cent according to Clark (1927). The 
magnesium intake on a sole milk diet is from 3 to 8 grams daily 
per 1000 pounds of liveweight and is below that of a calf on a 
normal diet. Huffman and his associates attribute the low mag-
nesium tetany in calves to a failure in magnesium metabolism 
which prevents the animal from utilizing the available magnesium. 
Later work by Huffman and Duncan (1935, 1936) indicates that 
in the presence of a small amount of vitamin D, however, mag-
nesium salts are effective in the prevention of rickets. Von Euler 
and Rydbom (1931), working with rats, also report antirachitic 
effects of magnesium, and Becha (1929) reports certain magnesium 
compounds to prevent or cure osetomalacia in cattle. Kay (1930) 
found magnesium to increase phosphatose activity and von Euler 
and Rydbom explain the rachitic effect of magnesium upon this 
basis. 
Sjollema and Seekles (1932) report an increase in magnesium 
and a decrease in calcium and phosphorus in cows stricken with 
milk fever. Their normal value for blood magnesium is 1.66 mg. 
per 100 cc. of serum, whereas most workers report from 2.25 to 
2.75 mg. per 100 cc. of serum. Sjollema (1930) also reports the 
occurrence of "grass tetany" in cows and magnesium values of 
0.46 · mg. The symptoms of this disease are comparable to the . 
. condition in calves reported by Huffman. Krueger (1932) investi-
gated the changes in magnesium with age in humans and reports 
the values highest for adults. In infants with rickets a lowered 
magnesium content of the blood was found. Hart and Steenbock 
(1913), Haag and Palmer (1928), Elmslie and Steenbock (1920) 
and Buckner and co-workers (1932) report that the addition of 
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magnesium compounds to an otherwise well balanced ration results 
in the disturbance of calcium and phosphorus metabolism, and 
Hirschfelder (1935) reports the occurrence of coma in humans 
when the blood magnesium values reach 17 mg. per 100 cc. 
Manganese.-Manganese occurs in the body in traces and 
appears to be necessary for normal reproduction in rats. Daniels 
and Everson (1935) found a high mortality in the young born 
from rats on a manganese-low diet. Young from such mothers 
contained 65 per cent less manganese than controls and often died at 
birth. Those surviving were unable to suckle. The manganese-
low mothers, however, could suckle young born to normal mothers, 
thus indicating that manganese plays an important role in the 
development of the fetus. Orent and McCollum (1931) believe 
manganese to be involved in lactation, since rats fed on low 
manganese diets give birth to young but refused to suckle them. 
Daniels and Everson (lD;31i) found an i11crease in manganese storage 
by suckling rats, but very little after weaning and the substitution 
of cow's milk. Perhaps rat's milk is richer in manganese than 
human milk? Sato and Murato (lD:32) found about 0.0:3 mg. man-
ganese per liter for cow's milk and colostrum averaged O.lG mg. 
per liter. These results agree with analyses in our laboratory on 
a composite sample of Holstein milk, which averaged 0.05 mg. 
ma:nganese per liter. Certain workers, Titus, Cave, and Hughes 
(1928), Myers and Beard (1929), report that manganese additions 
to a milk plus iron diet results in hemoglobin regeneration. This 
finding is 110t substantiated by others, including Waddell, Steen-
bock and Hart (1929) and Krauss (19(31), who point out technical 
difficulties which might explain the results indicating that man-
ganese is associated with iron in hemoglobin formation. The 
work of Ramage, Sheldon and Sheldon (lDBi3) using human tissues, 
shows the manganese content of the fetal liver to increase quite 
markedly during the last three months of fetal life, and that the 
amount of manganese in the liver decreased during the nursing 
period, but increased after weaning. 
Zinc.-Recellt evidence indicates zinc to be an essential ele-
ment both in plant and animal nutrition. Traces of zinc have long 
been noted in animal tissues, but Bertrand and Benzon (1932). 
apparently were the first to appreciate its nutritional properties. 
Todd, Elvehjem and Hart (1934), and Stirn, Elvehjem and Hart 
(1935) observed that rats on a zinc-low diet failed to develop 
normal fur and made poor use of their feed. Knowledge is lacking 
as to the specific action of zinc. Scott (1934) found it a constituent 
of insulin crystals, but Scott and Fisher (19:35) find no relation 
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between zinc and insulin activity. Hart and Elvehjem (1936) refer 
to the work of Koga (1934), who reports the liver and pancreas 
of various species highest in zinc. Very little is found in the lungs, 
brain and testicles and the amount in blood is very variable. He 
found 1.2 to 2.1 mg. zinc per kg. of human milk and 3.4 to 3.6 in 
cow's milk. Sato and Murato (1932), however, report no difference 
in the zinc content of cow, sheep and human milk. They report 
the milk zinc highest following parturition and decreasing as lacta-
tion progresses. They found 4 to 10 mg. zinc per liter of cow's 
milk. Hart and Elvehjem (1936) make the interesting report that 
the zinc content of the active mammary gland is twice as high 
as the inactive gland. 
Copper and Iron-Nutritional Anemia.-One of the recognized 
deficiencies of milk as a food is its low iron and copper content. 
The experiences of many investigators, including the early re-
searches of Abderhalden (19-00), and those reviewed by Sherman 
(1933), associates of Rogers (1935), and Morrison (1936) indicate 
the occurrence of nutritional anemia when animals are sustained 
on a sole milk diet after the normal suckling stage. Cave (1932) 
and Knoop and co-workers (1935) report anemia in milk-fed calves. 
It is generally recognized that the newborn has a reserve of iron and 
copper in the liver and spleen which tides it over the milk feeding 
period. Bunge (1892-1893) reports the iron content per kilogram 
of body weight highest at birth and showing a steady decrease 
throughout the suckling period to a minimum at the end of this period. 
These findings have been verified by many workers including 
Abderhalden (1900) and more recently by Elvehjem and Peterson 
(1927). It has long been known that iron is an essential constituent 
of hemoglobin, the oxygen carrying pigment of the erythrocytes. 
Iron is also a constituent of the chromatin substances of the body 
cells and is probably concerned in the oxidation-reduction processes 
occurring within the organism (Sherman, 1933). This author also 
reports the adult human body contains about 0.004 per cent iron, 
and cow's milk about 0.00024 per cent. 
The term anemia is generally construed to mean deficiency in 
haemoglobin content, or in the red cell count, or in both, of the 
blood as a whole. The various types of anemia are reviewed by 
Sherman (1933). In this discussion we are chiefly concerned with 
anemia as a result of a low iron intake and failure in haemoglobin 
formation, which is generally classed as "nutritional anemia." 
Various workers have tried the addition of various iron salts 
to a milk diet without beneficial results and for a time it was 
believed that milk was low in iron and also the factor believed to 
RESEARCH BULLETIN 245 21 
be organic, for its assimilation. Hart, Steenbock, Elvehjem, and 
Waddell (1925) found inorganic iron salts (Fe20 a) of little value 
in relieving anemic conditions in rabbits on a sole milk diet. 
The addition of the ash of either lettuce or cabbage to a milk 
diet by Hart and his co-workers (1927), however, was found 
effective in relieving anemia in milk fed rabbits . This proved the 
factor to be inorganic rather than organic in nature. 
Further researches by Hart and co-workers (1927, 1928) and 
Waddell and co-workers (1928, 1929, 1929a and 1929b) indicated 
that copper was the specific element necessary to supplement iron 
in the cure of nutritional anemia. These workers tried twelve 
other trace elements in addition to copper but found the results 
could not be duplicated. Subsequent papers by this group of 
workers (Elvehjem and Hart, 1929; Hart, Elvehjem and Steen-
bock, 1930 ; Krauss, 1931; and Hart and Elvehjem, 1936) give 
further evidence supporting the specificity of copper in this con-
nection. The above workers have found nutritional anemia in rats 
and rabbits to be cured by additions of copper and iron to the 
diet; and Kohler, Elvehjem and Hart (1936) report the addition 
of copper and iron salts to goat's milk to be effective in curing 
anemic rats. 
The original conclusions of Bunge and many following workers 
that only organic iron is absorbed and assimilated is completely 
disproved by the work of Elvehjem , (1932) and LElvehjem, Hart 
and Sherman (1933), who demonstrate that all foods contain two 
forms of iron, one which reacts with tripyridine (non-hematin 
iron) and the other, hematin iron, which does not react with this 
reagent. The non-hematin form is the only one of value in haemoglo-
bin production, the hematin iron being in a bound form and un-
available for body needs . 
The role of copper in hemoglobin formatilOJ1 and its distribution 
in the animal body and various foods is covered in a review by 
Elvehjem (1935). Copper was shown by Elvehjem, Herrin and 
Hart (1927) not . to be a' constituent of the hemoglobin molecule, 
but plays a role, perhaps, of catalytic nature, and is essential to 
haemoglobin formation, though iron may be stored in the body 
in the absence of copper. 
Cunningham (19:31) shows a considerable store of copper in 
the rat during intrauterine life and Lindlow, Peterson and Steen-
bock (1929) confirm these results and point out the ineffectiveness 
of feeding pregnant rats copper in an effort to influence the copper 
storage of the young. The copper content of foods has received 
extensive investigation. (Elvehjem, 1928; Lindlow and co-workers. 
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1929; Elvehjem, 1924 and 1935). The average copper content of 
milk is reported by the Wisconsin workers as 0.000015 per cent 
for samples of milk collected from herds in 13 different states. No 
difference in copper content due to geographic location and feeds 
employed was found. Suplee and Bellis (1922) report 0.2 to 0.8 mg. 
copper per liter of cow's milk, which seems high in view of the 
Wisconsin studies. 
Iodine.-Cow's milk contains small, but variable, amounts of 
iodine. It is easily transmitted from the feed to the milk and 
Maynard (1929), Krauss and Monroe (1931), and associates of 
Roger:? (1935) cite evidence showing a wide difference in the 
iodine content of cow's milk due to the ration . The average iodine 
content of milk is 0.001 to 0.275 parts per million. Colostrum is 
richer in iodine than normal milk (Mittkke and Courth, 1932). 
The role of iodine in thyroid gland activity is recognized and 
a deficiency of iodine causes metabolic disturbances and hyper-
trophy of the thyroid gland. Sherman (1933), Hart and Elvehjem 
(1936, and Morrison (1936) discuss this problem further. The 
adult human received about 0.000014 grams of iodine daily accord-
ing to von Fellenberg (1923, 1926). The exact requirements for 
growing livestock are unknown, but only in certain regions (Mor-
rison, 1936) does a deficiency occur when normal rations are fed. 
On a wholemilk diet the supply of iodine mayor may not be suffi-
cient, depending entirely on the feed of the animal. 
Sodium and Chlorine.-Both sodium and chlorine are essential 
for animal life (Sherman, 1933; and Morrison, 1936). These ele-
ments maintain the osmotic pressure of. the cells and various body 
fluids concerned in the transportation of nutrients and likewise 
disposal of body wastes. Chlorine is required for the hydrochloric 
acid of the gastric juice. Blood contains about 0.17 per cent of 
each of these two elements. Babcock and Carlyle (1905) found 
cattle unable to live on a low salt diet. 
The minimum sodium chloride requirement for growing heifers, 
so far as the writer knows, is undetermined and this requirement is 
less understood where a sole milk diet is employed. Babcock and 
Carlyle concluded that % ounce of sodium chloride per 1000 
pounds liveweight per day is necessary for dry cows and that 
chlorine is the essential element supplied by salt. Milk contains 
about 1.0 gram of chlorine and 0.72 grams sodium per liter (Clark, 
1927). According to Babcock's minimum salt requirement OzJ: 
ounce per 1000 pou:nds liveweight) about 0.3 ounces sodium and 
0.45 ounces chlorine are required daily. Normal cow's milk fed 
calves at the rate of 10, pounds per 100 pounds liveweight daily as 
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was true in the experiments to be reported, would supply about 
1.6 ounces chlorine and 1.0 ounce of sodium per 1000 pounds live-
weight per day. Thus it would seem that wholemilk would amply 
supply the necessary sodium chloride for ca:lves on a sole milk 
diet. 
Other Mineral Constituents.-While milk and other foods con-
tain various elements as prevIously mentioned, only the seven 
discussed in the preceding pages are as yet recognized as being 
essential. Further progress is being made on the role of the trace 
elements and this will be briefly reviewed. 
Sulfur is essential in the diet, according to Sherma·n (1933) and 
Morrison (1936). Glutathione, a sulfur compound which plays 
an important part in the oxidation processes of the body, and two 
amino acids, cystine and thioneine, are dependent upon a supply 
of sulfur in the body. Milk furnishes about 0.11 grams sulfur per 
liter (Clark, 1927). 
Fluorine is a constant constituent of bones and teeth and is 
probably essential in nutrition, though Phillips, Hart and Bothstedt 
(1934) find it quite toxic for dairy cattle when present in appreciable 
quantities. Milk contains a:bout 0.138 mg. fluorine per liter, accord-
ing to Phillips and Hart (1934) and is not influenced by the fluorine 
intake of the animal. 
The knowledge thus far assembled as to the value of bromine, 
aluminum, arsenic, silicon, cobalt, nickel, boron and selenium i,3 
discussed by Ha:rt and Elvehj em (1936). While these and other 
elements are found in traces in milk their role in nutrition is not 
yet established. The trace elements may be of marked nutritional 
importance not yet established and their' scarcity in milk may 
present difficulties not yet appreciated. It must also be realized 
tha:t practically all trace elements in the body such as copper, 
aluminum, etc. may be quite toxic in large quantities. 
Vitamins in the Diet 
Evidence thus far indicates that only vitamins A and D are of 
importance in the diet of the bovine (Morrison, 1936). 
Vitamin A.-Jones, Eckles and Palmer (1926) were the first 
to establish the fa:ct that vitamin A is indispensable to calves. 
They found that calves on a low vitamin A ration develop all of 
the characteristic symptoms of vitamin A deficiency in other species, 
including failure to grow, xeropthalmia, respiratory troubles, 
diarrhea a:nd death. Less than 1 per cent cod liver oil added to 
vitamin A free diet permitted normal growth. No attempt was 
made to determine the minimum vitamin A required. These 
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workers report considerable vitamin A storage in the liver of 
calves fed normal rations, but none in the livers of calves fed 
vitamin A deficient diets. Moore, Huffman, and Duncan (1935) 
report a blindness ,in calves due to constriction of the optic nerve 
and probably due to vitamin A deficiency. 
The vitamin A content of milk varies with the diet of the cow, . 
particularly with carotene intake. The fact that carotene (C4oH 56 ) 
is the precursor of vitamin A is well recognized. Sherman, 1933, 
and associates of Rogers, 1935). The manner of transfer of carotene 
directly from the blood stream to the milk of the cow is an inter-
esting physiological phenomena not yet explained. Moore (1932) 
discusses the conversion of carotene to vitamin A in the cow and 
Fraps and associates (1933-1934) discuss factors affecting the 
vitamin A content of milk and cite values of 2.5 Sherman units 
of vitamin A where cows are fed poor roughage (cottonseed hulls) 
as compared to 33 units per gram when green pasture was avail-
able. The effects of feed on the vitamin A content of milk are 
discussed further by a number of workers including Riddell (1934), 
Hauge (1934), Guilbert (1935), Kuhlman and others (1935), Hogs-
don (1935), and Hilton, Wilbur, and Hauge (1935). 
Sherman (1933) cites evidence that cow's milk furnished 65 
vitamin A units (Sherman) per ounce of milk and MacLeod and 
associa:tes (1932) report 1.3 to 2.0 units per gram of milk where 
cows are stall-fed. These workers found the vitamin A values 
for butterfat quite consistent under stall-feeding conditions and 
no seasonal variation. The work of Meigs and Converse (1934) 
indicate that the milk from cows fed leafy, green alfalfa will 
furnish sufficient vitamin A to support normal growth, and Con-
verse et aI. (1936) report that calves normal in growth can be 
raised if fed on skimmilk supplemented with cod liver oil. These 
calves also received hay and grain, but the fact that the vitamin A 
of the wholemilk is an important factor in growth was demon-
strated. Therefore, we are safe in assuming that wholemilk may 
furnish adequate vitamin A for calves, on a sole milk diet, only 
when cows furnishing the milk for such purposes have sufficient 
carotene intake. 
The Vitamin B Complex.-The necessity of vitamin B in the 
diet of the normal calf has not been demonstrated. The work of 
Eckles and associates (1924-1925) showed that the feeding of 
yeast did not improve a' normal ration for cows or growing calves. 
Bechdel, Eckles and Palmer (1926) raised calves to reproducing 
age on a diet so low in vitamin B that it would not support 
growth in rats and enable them to live longer than two to five 
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weeks. These workers fed a ration of corn gluten mea-i, commercial 
casein, cane sugar, rice, pearled hominy, corn starch, dried sugar 
beet pulp, a mineral mixture and cod liver oil. They observed no 
difference in calves grown on the vitamin B low diet as compared 
to control calves fed vitamin B supplements and state that their 
results can be explained "only on the basis of vitamin B synthesis by 
bacteria and other microorganisms in the digestive tract." Theiler 
and co-workers (1925) were the first to suggest vitamin B 
synthesis in the digestive tract of the bovine by means of bacterial 
symbiosis, and Heller, McElroy and Garlock (1925) have produced 
evidence of vitamin B synthesis in the digestive tract of the rat. 
Scheunert and Schieblich (1923) report evidence of vitamin B 
synthesis by the organism B. vulgates commonly found in the 
intestinal tract of the bovine. Bechdel and associates (1928) in 
further work on vitamin B synthesis in the bovine again demon-
strated the amount of vitamin B synthesized was sufficient for 
growth and in addition the milk produced by cows fed low vitamin 
B rations contained an approximately normal amount of vitamin 
B. These workers isolated bacteria from the rumen of the bovine, 
developed cultures on a vitamin B free agar, dried the cultures and 
fed them to rats as the only source of vitamin B. The rats grew 
equally as well as controls on an equal weight of yeast. Further 
work proved the dried rumen contents (from cows on a low vitamin 
B diet) to contain appreciable quantities of the vitamin B complex. 
These workers, therefore, conclude that the vitamin B complex is 
synthesized in the rumen of the bovine by bacterial fermentation. 
Continued lactation was not accomplished on a vitamin Blow 
diet in Bechdel's work, as a physica·l breakdown occurred shortly 
after freshening and it was necessary to acId roughages, etc. to the 
diet. The dietary factors, if such, responsible are as yet obscure. 
Bechclel and associates fed some roughage (beet pulp), although 
their calves did not ruminate. Whether or not vitamin B synthesis 
will take place on a sole milk diet remains to be investigated, 
though evidence has been cited that calves can be raised to about 
one year of age on milk and minerals. Bechdel used commercial 
casein in his rations, which perhaps carried considerable quan-
tities of vitamin B. 
The opinion that the vitamin B content of milk is under 
physiological control is expressed by Hart (1924), MacLeod and 
co-workers (1932), Gunderson and Steenbock (1932) and Dutcher 
et al. (1934), who observe no difference in the vitamin B content 
of milk whether cows are fed dry feeds or fresh green grass. 
Hughes, Cave and Fitch (1921), and Kennedy and Dutcher (1922), 
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however, report milk from cows on a low vitamin B intake to be 
somewhat reduced in vitamin B content. Thus, we are not assured 
that the synthesis of the vitamin B complex in the rumen goes on 
under all conditions. 
The relative importance of the individual fractions of the 
vitamin B complex is little understood with reference to the bovine. 
Sherman (1933) and a-ssociates of Rogers (1935), and Hart and 
Elvehjem (1936) review the work in this connection. 
The value of milk as a source of vitamins making up the B 
complex, particularly B1 , the antineuritic factor, and B2 or G, has 
been intensely studied. Little is known concerning the needs of the 
bovine for Bg and B4 • Milk is apparently richer in vitamin G than 
in B. A summary of this work by associates of Rogers (1935) 
shows cow's milk to contain from 0.1 to 0.3 Sherman units of 
vitamin Bl per gram and from 0.3 to 0.7 Sherman units of B2 or 
G. Evidence to date, reviewed by associates of Rogers (1935) 
indicates milk to have sufficient B vitamins for normal nutrition 
of the rat through several generations. 
Vitamin -C.-Vitamin C, water soluble, easily destroyed by 
heat, and necessary for the prevention of scurvy, is not usually 
considered as being a problem in calf nutrition (Thurston, Eckles 
and Pa-Imer, 1926). As pointed out by Sherman (1933) and Mor-
rison (1936) this vitamin apparently is synthesized in sufficient 
quantities by all animals except man, monkey and the guinea pig. 
Milk is not a good source of vitamin C, and the ordinary pasteuriza-
tion temperatures destroy about one-fifth of the C content of milk 
(Schwartze, Murphy and Hann, 1930; and King and Waugh, 
1934). Dutcher and associates (1920) found summer produced 
milk to be three times higher in C potency than winter milk; and 
Hart, Steenbock and Ellis (1920) found cows fed a good dry ration, 
without fresh green food, produced milk as rich as normal in C. 
On pasture the C value of the milk increased. Riddell , Whitnak and 
Hughes (1935), however, found that the C content of milk changed 
very little whether cows were fed on Russian thistles, alfalfa and 
grain; alfalfa, grain and silage; or on rye pasture. Calves on a sole 
milk diet apparently would be dependent upon their ability to 
synthesize vitamin C, inasmuch as the amount in milk is relatively 
small. McCandlish (1924), however, found the addition of tomato 
juice to a sole milk diet of no value in saving calves from a physical 
breakdown. 
Vitamin D.-Vitamin D, highly essential in the prevention of 
rickets, is a fat soluble vitamin found by Mellanby (1918) and 
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McCollum et al. (1922) to be highly necessary for proper calcium 
deposition and normal development of the skeletal tissues. Absence 
of vitamin D results in rickets. Beckdel and associates (1936) 
discuss the pathology of this disease in calves. Sherman (1933) 
states that rickets in growing animals are associated with (1) the 
mineral content of the diet; (2) irradiation; and (3) vitamin D. 
These three factors are all closely interlocked. Irradiation or sun-
light produces the vitamin D in the body; and the vitamin, whether 
available by production in the body or by ingestion, seems to act 
primarily by mobilizing the calcium and phosphorus supply brought 
to the bone by the blood so that the normal deposition of calcium 
phosphate is possible. 
Rupel and associates (1935) report a study of the vitamin D 
needs of dairy calves and show that calves fed on diets lacking in D 
acquire severe rachitic symptoms. The calcium and phosphorus 
levels of the blood were lowered, growth was retarded, and the 
calcium content of the bones of calves on the vitamin D deficient 
diets was lower than in those calves fed sufficient vita:min D. 
Bechdel, Hallman and Huffman (1935) studied the occurrence of 
rickets in calves and observed a retarded provisional calcification 
of the cartilage matrix, an accumulation of excess osteoid, and 
irregular removals of cartilage by the embryonic marrow. The 
faster growing animals suffered most, low blood calcium and 
phosphorus levels appearing rather quickly. 
Recent experiments by Duncan and Huffman (1936) show that 
dairy calves effectively utilize solar ultra violet radiation in calcium 
assimilation. 
Where the ration is low in vitamin D the milk produced is 
correspondingly decreased in this factor. Huffman and Duncan 
(1935) report that cow's milk contained sufficient anti-rachitic 
potency to prevent rickets when the calves were fed so as to receive 
0.35 to 0.45 U . S. P . units of vitamin D per pound of body weight. 
These statements hold true for calves from birth to five months of 
age. Associates of Rogers (1935) review the extensive literature 
on vitamin D in milk and cite figures indicating that the milk from 
cows on normal rations contains 0.004 to 0.06 U. S. P. vitamin D 
units per gram of 4 per cent milk. Bechdel and Hoppert (1936) 
report a marked seasonal variation in the vitamin D content of milk. 
Values ranging from 4.8 to 43.8 U. S. P. vitamin D units per quart 
were observed in Guernsey milk and from 3.5 to 27.7 units per 
quart in Holstein milk. They believe available sunshine to be the 
major factor contributing to the vitamin D content of milk. Thus, 
the adequacy of vitamin D in the diet of calves fed a sole milk 
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diet depends upon (1) the vitamin D intake of the cows producing 
the milk; (2) amount of exposure of the cows to sunlight; and (3) 
sufficient exposure of the calves to sunlight. 
Vitamin E.-Vitamin E, the anti-sterility factor, was estab-
lished by Evans and associates (1925 and 1932), who found repro-
duction in the rat impossible unless a fat soluble fraction from 
germ oil was supplied. So far as the writer is able to learn, no 
one has succeeded in establishing that dairy cattle have need for 
vitamin E in the diet or suffer from its deficiency. 
Kennedy (1926) reports crushed oats rich in the E factor. 
Hathaway and Davis (1934) have studied the vitamin E content 
of various concentrates used in the normal ration of dairy cattle 
and show that practically all contain sufficient vitamin E when 
fed in amounts of 20 to 25 per cent of the diets of rats to permit 
normal reproduction. Corn gluten meal, corn gluten feed and 
beet pulp were found to be low in E. 
Wilson, Thomas and Cannon (1935) found that goats con-
tinued to reproduce normally after being fed vitamin E free diets 
for two generations. These workers are led to believe that goats 
do not require vitamin E in the diet. The only reported attempts 
to study the necessity of vitamin E in the diet of cattle observed 
by the writerCl're the works of Winters (1926), Graves and Miller 
(1'927), and Miller and Graves (1932). In general their data are 
too scarce and not sufficiently conclusive to warrant the assumption 
that vitamin E is necessary in the diet of dairy cattle. 
The vitamin E content of milk is variable and there is ne 
evidence available as to the adequacy of this vitamin in a whole-
milk diet. DCl'niels and Hutton (1925), however, found wholemilk 
sufficiently high in this factor to permit reproduction in rats fed 
mineralized milk for six generations. 
Other Factors of Consideration in the Diet of Calves 
Bulk in the Diet.-The necessity, if any, of bulk in the diet 
of ruminants is poorly understood. The bovine, like other rum-
inants, has a complicated digestive set-up, particularly ada'pted to 
handling coarse roughages. The rumen grows rapidly following 
birth, begins functioning after the calf is a few months of age, 
and is ingesting other feeds in Cl'ddition to milk. It is usually 
believed that bulk is a factor in stimulating stomach and intestinal 
movements and the secretion of digestive juices. 
McCandlish (1923) in attempts to raise calves on a sole milk 
diet, concludes that alblfa added to the diet provides sufficient 
bulk to make proper digestion possible, and the improvement 
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brought about is not due entirely to the added nutrients and 
vitamins. Both Davenport (1897) and McCandlish (1918) stress 
the importance of bulk in the diet of the calf. Sanborn (1898), 
however, found that cattle and sheep could be fed successfully on 
grain alone for long periods. Bechdel, Eckles and Palmer (1926) 
and Bechdel and associates (1928) raised calves to freshening age 
on concentrated diets to which small amounts of beet pulp were 
added. Rumination was observed, though the high "swellability" 
of the beet pulp may have been a factor in providing bulk. Mead 
and Regan (1931-1935) were able to raise calves to 19 1110nths of 
age on diets of grain concentrates supplemented by alfalfa, ash and 
cod liver oil. They found bulk supplied by paper pulp to be of no 
value in increasing the digestibility of the ration. 
Grain, even though not considered high in bulk, is much more 
bulky than a sole milk diet and the results from the above experi-
ments are not directly applicable to sole milk feeding conditions. 
In the coagulation of milk in the abomasum of the calf there is cqn-
siderable incorporation of water and some "swell" produced which 
probably alleviates any feeling of hunger. Though it is a common 
observation that calves on a milk diet have an atonic condition in 
the walls of the rumen, the abomasum shows good development 
and digestive trials by Hughes and Cave (1931) indicate that 
calves raised to 8 months of age on a sole milk diet are not ilnpaired 
in their ability to digest food. These workers conclude that while 
roughage may playa part in the development of the paunch and 
intestines, this development is not necessary for secretion of the 
digestive juices. 
In view of present information no final conclusions regarding 
the necessity of bulk can be drawn and the failure of ruminants to 
exist over long periods of time because of a lack of bulk must be 
en tertained. 
Palatability and Variety.-Palatability in the diet is of rec-
ognized importance from the standpoint of adequate intake for 
proper nutrition. Palatability may also affect the nerVOllS influences 
which control the digestive juices and hence affect the efficiency of 
digestion. Most animals acquire new tastes slowly and the palata-
bility of a diet depends upon habit. Calves normally relish milk 
while older animals which have acquired new tastes will usually 
refuse it. 
Variety in the diet usually increases palatability, but more 
important, it usually brings about a better balance of nutrients 
and corrects dietary deficiencies. In a sole milk diet it is impos-
sible to provide variety. However, both palatability and variety 
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are factors where calves are on a sole milk diet, as evidenced by 
a failure in appetite and irregularities in food intake after the 
calves are a: few months old (Table 7). 
Effects of Diet on the System.-Any action of the diet which 
induces disturbances in the digestive system may be looked upon 
as undesirable, although calves have the capacity to adjust them-
selves to many changes, as is evidenced by the work of Bechdel 
a:nd associates (1926-1928), Mead and Regan (1931-1935), and 
Hughes and Cave (1931). Magee, Anderson and McCollum (1929) 
state that deficiency diets, whether showing organic or inorganic 
deficiencies, usually give rise to disorganiza·tion of the normal 
rhythmical movements of the digestive trace. Many of the dietary 
deficiencies a:re of a mineral character due to an absence or excess 
of ions which have regulatory influences. Deficient diets usually 
result in poor health and consequent failure of normal physiological 
reactions which are interrelated. This problem is fully reviewed 
in the excellent paper by Orr (1931). 
. The Acid-base Balance.-Acidosis and a:lkalosis are sometimes 
pointed out as results of a deficient diet. Acidosis usually implies 
increased hydrogen ion concentration of the blood, po'or elimination 
of acid products and a lowering of the alkali reserve. Alkalosis is 
due to the presence of a large amount of uncompensated alkali. 
Both conditions bring a:bout toxic effects, but the body has remark-
able powers of neutrality regulation, and Lamb and Evvard (1921-
1921a) have demonstrated that pigs could ingest large quantities of 
acids or bases without harmful results. Likewise, Perkins and 
Monroe (1932) failed to observe acidosis in dairy cows fed mineral 
acids. Forbes (1913) reports milk to have an excess base over acid 
of 19.9 cc. normal solution per 100 grams and Steenbock, Nelson 
and Ha:rt (1914) show that calves fed considerable protein can 
control acidosis by the ammonia derived from the regular processes 
of digestion. Thus, wholemilk with its liberal protein allowance and 
high mineral content is not likely to bring about an upset of the acid-
base equilibria of the body. This is further borne out by the work of 
Huffman and Robison (1926), who found no acidosis in calves 
dying on a milk diet. 
Summer versus Winter Milk.-A hitherto unrecognized prob-
lem in the nutritive value of milk is pointed out by Stirn, Elvehjem, 
and Hart (1935) who observed grea:ter growth promoting powers 
in summer produced milk than milk produced during the winter, 
months when the cows were on dry feed. These workers were 
unable to trace the superior nutritive properties of summer milk to 
any known vitamin or mineral constituent, and later work by these 
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same men (1936) indicates that the juice of green grass, liver, or 
brain tissue added to winter milk renders it equal to summer milk 
in growth inducing powers when fed to rats. 
The nature of the growth factor which is inadequate in winter 
milk is undetermined. The fact that liver and brain tissues are 
high in vitamin B4 suggests this as a possibility, but liver and brain 
tissues also conta'in other unknown nutritive factors. Addition 
of Bl and B2 in pure form was of no aid. Neither were vitamins A, 
C or D, as carotene, cod liver oil, orange juice and irradia:tion all 
failed to improve winter milk, when judged in terms of the unknown 
factor. The fact that calves on this experiment were fed mostly 
on winter milk (cows on dry feeds almost the year round) is a 
factor to be taken into account and will be discussed later. 
EXPERIMENTAL 
This investigation was carried out as a part of the growth 
studies initiated by the Missouri Agricultural Experiment Station. 
The objectives of the present research were to study: 
I. Growth and development of clairy calves on a: sole-milk 
diet, and on a milk diet supplemented with cod liver oil, 
iron, copper and manganese, including age changes in: 
1. Liveweight 
2. Linear measurements 
3. Food consumption 
4. Energy metabolism 
5. Energetic efficiency of growth 
6. Blood picture 
II. Post-mortem picture of dairy calves grown on a sole-
milk diet, and on a milk diet supplemented with cod liver 
oil, iron, copper and manganese, including: 
1. Gross anatomy 
2. Skeleton 
3. Histology 
4. Iron, copper and manganese storage 
General Procedure 
Animals Used.-Holstein heifers, either purebred or high grade, 
were obtained shortly after birth. Eight calves fed milk alone, or 
milk with minera:l and vitamin supplements, were obtained from 
Missouri dairymen. Five purebred calves, fed normally as controls, 
were selected from the College herd. All calves were strong and 
thrifty and good representatives of the Holstein-Friesian breed. 
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Feeding and Management.-Three calves, Nos. 617E, 637E 
and 670E were fed exclusively on wholemilk and hereafter will be 
referred to as the sole-milk group. Calves in this group are shown 
in Fig. 3. 
Five calves, Nos. 655E, 661E, 664E, 679E and 699E, were fed 
wholemilk plus cod liver oil and a mineral supplement consisting 
of iron, copper and manganese. These calves will be hereafter 
referred to as the supplemented-milk group. Calves making up 
this group are shown in Fig. 4. 
Fig. 1.-Type of muzzle used fCYr 
calves on sole-milk and supple-
mented-milk diets . 
The cod liver oil* used was a nationally known brand supply-
ing approximately 250 vitamin D units and 2500 vitamin A units 
per gram, and was fed at the rate of 0.5 to 1.0 per cent of the dry 
matter furnished by milk. The cod liver oil was mixed with the 
milk at each feeding. The mineral supplement used consisted of a 
mixture of C. P. syrup of iron pyrophosphate, C. P. manganese 
sulphate, and C. P. copper sulphate. The minerals were made up 
into a solution and added to the milk at feeding time so that each 
liter of milk contained 15 mg. Fe, 1.5 mg. Cu, and 1.5 mg. Mn. 
The calves receiving only milk, or milk plus minerals and 
cod liver oil, were fed as nearly as possible according to appetite. 
As a general rule one pound of milk was fed daily for each 10 pounds 
'Obtained from the Na tional Oil Produ<:ts Company, Harrison, New J erse y, and 
sold nnder the trade name of " Nopco XX". 
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of liveweight. The calves were fed twice daily during the first 
few weeks of life, but as milk consumption increased this was 
changed to three times daily. 
Water was offered several times daily and in addition was 
available in the exercise lot. 
The calves on the milk diets were kept muzzled except for 
feeding and metabolism tests. A specia,l muzzle was constructed 
and is shown in Fig. 1. This muzzle was made of heavy hardware 
cloth with a layer of celluloid 0.04 inches in thickness lining the 
inside. Holes 3/16 of an inch in diameter were drilled in the 
celluloid about two inches above the base of the muzzle to permit 
breathing. A wooden bottom to which stra'p iron was riveted 
and to which the hardware cloth was soldered, provided the 
frame; a cloth band was sewed around the top so as to prevent 
chafing; and straps for keeping the muzzle in place were riveted on. 
These muzzles were found to be satisfactory but had to be replaced 
frequently. 
The five control calves, Nos. 719, 720, 726, 722 and 723, are 
shown in Fig. 2. They were fed and managed according to practices 
followed in raising calves in the Station herd; which consists of 
feeding wholemilk for 15 to 22 days, gradually supplementing skim-
milk for the wholemilk, and feeding green, leafy alfalfa and grain 
as soon as the calves will consume it. The grain mixture fed these 
calves consisted of 20 parts ground corn, 10 parts ground oats, 8 
parts wheat bran, 1 part linseed oil meal, 1 part gluten meal or cot-
tonseed meal, and 1 per cent salt. A mixture of equal parts of salt 
and steamed bone meal was available ad libitum. 
Milk.-Raw milk from the Station Holstein herd was fed. 
Samples were tested monthly for butterfat and total solids. The 
average analysis, according to these tests and interpolations from 
Illinois Agr. Exp. Sta. Bul. 325, "The Composition of Milk," was 
found to be as follows: 87.99 per cent water, 12.01 per cent total 
solids, with the total solids consisting of 4.65 per cent sugar, 3.47 
per cent butterfat, 3.20 per cent protein, and 0.7 per cent ash. 
Analyses for iron, copper and manganese were made and these 
elements found to be present in 0.00027, 0.000024, and 0.000005 
per cent, respectively. 
The cows producing this milk were fed native grown, green, 
leafy alfalfa hay, corn silage and a grain mixture. Pasture was 
available in season and during the early fall and spring months 
barley or wheat pasture was provided. The amount of pasture 111 
general, however, was somewhat limited. 
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Fig. 2.-Normal calves 10 to 12 month s of age. Used as controls for a study 
of the normal blood picture during growth. 
Water.-The water used contained 0.006 per cent calcium, 
0.003 per cent magnesium, 0.0047 per cent potassium and sodium, 
0.0033 per cent chlorides, 0.00004 per cent iron and traces of man-
ganese. 
Housing and Exercise.-The milk fed calves were housed in 
sepctrate stalls in one of the experimental barns. Straw was used 
for bedding a part of the time, but this was replaced with wood 
shavings when it was observed that some of the calves, especially 
No. 670E, ingeniously worked stray straws into their muzzles. The 
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pens were cleaned twice daily and the calves were groomed once 
a day. 
These calves were allowed the freedom of a dry lot with a 
water supply but free of feed, manure, etc., for exercise during the 
day. They were kept outdoors as much as possible, except at night 
and during rainy weather. The control calves, Nos. 619, 620, 621, 
622 and 623, were housed with the calf herd and had access to hay 
and straw at all times in addition to the milk and grain feed. 
Growth Measurements.-The animals were weighed and meas-
ured at birth, being weighed every three days thereafter. The 
weights were taken in the morning before the calves received feed 
or water. 
The following body measurements, taken according to methods 
commonly used at this Station,* were secured once each month: 
height at withers; width at hooks; length of back; and circum-
ference of chest. The body weights and measurements of growth 
are shown in Tables 1 to 6, inclusive, 'and Fig. 5. 
Energy Metabolism M.easurements.-Energy metabolism or 
the so-called "basal metabolism" measurements were made from 
two to three times per week on each calf. The metabolism was 
measured with large models of the Benedict-Collins-Roth clinical 
metabolism apparatus described in Missouri Agr. Exp. Sta. Res. Bul. 
143. The measurements were made in the early morning about 
10 to 12 hours after feeding, when the animals on the sole-milk and 
supplemented-milk diets were apparently in a post-absorptive 
condition. A discussion of these data is given elsewhere. The 
results are graphically presented in Figs. 6 and 7. 
Blood Analyses.-Hemoglobin, cell count, cell volume, cal-
cium, phosphorus, and magnesium determinations were made on the 
milk fed groups every two weeks. The control, or normally fed, 
calves were sampled at monthly intervals. The blood was obtained 
from the jugular vein, usually without restriction, by mea'ns of a 
16-gauge hypodermic needle. Samples were taken only on free 
flowing blood. The technique employed and the methods of 
analysis will be discussed shortly. The values obtained for the 
various blood constituents are given in Tables '12, 13, and 14, 
and are graphically presented in Figs. 8 to 15, inclusive. 
Health.-Evidence of ill health or abnormalities in development 
were noted and recorded. Daily observations were made on all 
calves. Occurrence of oestrus, development of dyspnea, anorexia, 
stiffness, irritability and nervousness were all carefully noted. 
"'Mb. Agr. Exp. Sta. B'uI. 355, "Estimating Condition in Dairy Cattle". 
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Post-mortem.-Post-mortem examinations were made with the 
collaboration of Dr. A. W. Uren, Dr. A. ]. Durant, and associates, 
of the Department of Veterinary Science. In addition to making 
observations, all internal organs and various glands were weighed 
and sectioned (Table 1'5). 
Tissue Analyses.-Samples of tissue from the liver, spleen, kid-
ney and muscle were weighed and frozen until such time as analyses 
for iron, copper and manganese could be ma·de. X-ray pictures 
were n~ade of the femur, humerus and metacarpal bones. 
Histological Studies.-Tissues for sectioning were taken from 
the liver, spleen, kidney, thymus, adrenal, thyroid, ovary, and 
lesions found in the digestive tract. These· tissues were cut into 
cubes approximately 1 to 2 centimeters in size and immediately 
fixed in Bouin's fluid. They were later sectioned and stained. 
RESULTS 
I. Growth and Development of Dairy Calves on a Sole Milk 
Diet, and Milk Supplemented with Cod Liver Oil, 
Iron, Copper and Manganese. 
Liveweight.-Age changes in the body weight of the two groups 
of experimental calves, with increa'sing age, have been compared 
with the normal. The body weights by monthly periods are shown 
in Table 1, and the daily gains in Table 2. Individual growth curves 
for those calves in the sole-milk group (Nos. 617E, 637E and 670E) 
and the supplemented-milk group (Nos. 655E, 661E, 664E, 679E 
and 699E) are shown in Fig. 5. The standaJrd growth curves used 
for comparison are those published by Ragsdale (1934). 
TABLE I.-COMPARISON OF BODY WEIGHT OF NORMAL AND MILK CALVES. 
Body Weight (pounds) 
Age 
months Normal* Milk Only 
Milk, Fe, Cu, Mn. and 
Cod Liver Oil 
------------------------
617E 637E 670E 655E 66lE 664E 679E 699E 
------------------------BirtL ______ 900 85 98 98 70 94 80 83 87 L _________ 112 123 134 144 110 113 100 lO7 123 2 __________ 148 173 172 204 164 167 156 143 173 3 __________ 193 246 236 268 225 230 215 186 228 4 __________ 243 270 302 338 284 297 276 247 305 5 ___ _______ 297 376 325 404 370 380 336 321 350 6 __________ 355 429 351 460 461 435 400 395 417 7 __________ 4lO 442 415 510 524 500 458 464 500 8 __________ 462 485t 466t 580 585 567 517 531 564 9 __________ 509 470 446 651 ~~~t 583 580 582 570 10 ________ -_ 552 476 710 645t 608t 6301- 622t ll __________ 593 484 755 512 630 598 655 601 12 __________ 632 452 ~~~t 615 638 549 13 ___ ___ ____ 671 458 
-------- -------- --------
626 14 __________ 705 
-------. -.------
742 
--- ----- -------- -------- -------- --------15 __________ 746 
-------- --------
730 
-------- -------- -------- -------- --------16 __________ 782 
-----.-- --------
750 
-------- -------- -------- -------- --------17 __________ 809 
-------- -------. 
745 
-------- -------- -------- -------- --------
*Values taken from Mo. Agr. Exp. Sta. Bu!. 336 "Growth Standards for Dairy Cattle." 
tFailure to gain is usually followed by a weight acceleration shortly before death. 
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TABLE 2.-AvERAGE DAILY GAINS OF NORMAL AND MILK CALVES. 
Gain per Day (pound,) 
Age Milk, F e, Cu, Mn, and 
mo nths Milk Only Cod Liver Oil 
Normal* ------------------------
617E 637E 670E 655E 661E 664E 679E 699E 
------------------------
Birth-L ..•. 0.91 1.26 1. 20 0.50 1.33 0.63 0.68 0.80 1.20 
1- 2 •....•• 1.26 1.60 1. 26 1.46 1.80 1. 80 1. 86 1.20 1.66 
2- 3 .•.••.. 1.48 2 . 30 2.00 2.00 2 .03 2.10 1.96 1.43 1. 83 
3- 4 ....... 1. 70 0.80t 2. 20 2.13 1.96 2.23 2.13 2.03 2 . 56 
4- 5 ....... 1. 83 3.50 0. 76 2.3 3 3 .13 2. 76 I. 90 2.46 1.50 
5- 6 ...... . 1.93 1. 76 0 .50 2. 20 2 .70 I. 83 2.13 2.46 2.23 
6- 7 ....... 1. 77 0 .40 0. 36 2. 53 2.10 2.16 1. 93 2.30 2 . 76 
7- 8 ...•... 1.55 1.40 2. 13 1. 66 2.03 2.23 1. 96 2.23 2.13 
8- 9 ••.•... 1. 34 -0.50 1. 70 2.66 0.33 0 . 53 2.10 1. 70 0.20 
9-10 •..•... 1.17 0 . 20 -0.66 2.70 - 0 .96 2.06 0.93 1.60 1. 73 
10-11. •.•... 1.17 0.26 1.96 -1.86 -0.50 -0.33 0.83 -0.70 
11-12 ....... 1.01 -1.06 1. 50 
--- . ----
-0.50 
---. - ---
-0.56 -0.06 
12-13 ..•.... 1.07 0 . 20 
--------
-0.10 
- - ------ ------ - - ---.----
-0.40 
13-14 ....... 1.06 
-------- ------- -
-0.53 
-------- ------- - -------- -------- --------
14-15 • • • • ••• 1.10 
------- - - .------
-0 . 86 
-------- -------- -----.-. -------- --- -- ---
15-16 ..... • . 1.07 - --.--- - - ------- -0. 40 - .------ ------ - - - - - - ---. ------- - --------
16-1 7 ..... • . 0.73 -.------ ---.---- 0 . 66 -------- -------. -- -- ---- -------- --------
17-18 ... . . •. 0.93 ----- - -- - -- - ---. -----.-- -------- ----- --- -------- -- - - -- -- - - - --- -. 
*Taken from Mo. Agr. Exp. Sta. Bul. 338, "Feed Consumption of Dairy Cattle During Growth." 
The normal calves were fed milk, grain and roughage. 
tOff feed, , everal days during month. 
It will be noted that with the exception of No. 655E, which 
weighed only 70 pounds, the birth weight for calves in both milk-
fed groups is approximately normal. The sole-milk group averaged 
93 pounds at birth, and the supplemented-milk group 83 pounds, this 
difference; in. weight being largely due to the inclusion of No. 
6SSE. At one month of age the sole-milk group avetaged 
133 pounds, which is almost 19 per cent above normal. The sup-
plemented-milk group was normal in weight for this period. At 
133 pounds, which is almost 19 per cent above normal. The sup-
three to four months of age the average daily gains for both 
groups were almost one-half pound per day greater than no~mal 
(Table 2) . One of the calves (No. 61 7E) in the sole-milk group, 
however, refused portions of her milk and fell below normal in 
gain. At three months of age the sole-milk group averaged 33 per 
cent above normal in weight and the supplemented-milk group 
averaged 14 per cent above normal. All calves were healthy and 
sleek in appearance. These unusual gains continued for both 
groups until the calves were approaching six months of age. After 
the fifth month the calves in the sole-milk group beg'an refusing 
feed and gained slowly. As shown in Tables 12 to 14 and Figs. 8, 9 
and 10, this group of calves was becoming anemic. They a,lso lost 
much of their thrifty appearance, but were approximately 16 per 
cent above normal w eight at six months of age. The supplemented-
milk group was about 19 per cent above normal at six months and 
continued to make gains above normal until approximately eight 
months of age, when some members of the group began to refuse 
Fig. 3.-Normal calves I\lIld calves fed" sole mIlk diet. (See opposite page for further explanation). 
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Photograph 1, 2, and 3. NOTmal calves at ages of 2%, 6% and 10'h montbs, respectively. 
Pbotograp,h 4, 5, and 6. Sole milk calf No. 617E at 2',2, 6% and 10'h months, respectively. 
Photograph 7 and 8. Sole milk calf No. 637E at ages of 6',2 and 9% months, respectively. 
Photograph 9 and 10. Sole milk calf No. 670m at a ges of 2+~ and lOY. months, respectively. 
Attention is called to the lack of barrel development in the calve.s in the sale milk group. 
feed. As shown in Tables 12 and 13 and Figs. 8 to 12, this group 
showed no evidences of anemia. They were sleek, thrifty and well 
fed in appearance, while the sole-milk group, with the exception of 
No. 670E, were somewhat emaciated. Calf No. 670E proved to be 
very ingenious in working bits of straw, hair and feces into her 
muzzle, and until special precautions were taken, gained consid-
erably better than most of the calves in either group. 
One of the sole-milk calves (No. 637E) died at nine months of 
age, another (No. 617E) at 13 months, while the other member of 
this group (No. 670E) perhaps because of the foreign material she 
was ingesting, lived to 17 months. After six months on a sole-
milk diet calves No. 617E and No. 637E became dyspneic, fre-
quently refused feed and were very emaciated. However, they 
were not stiff, and showed no buckling of the pasterns. No evi-
dences of rickets were observed. 
The calves in the supplemented-milk group died at ages 
ranging from 11 to 13 months. Although above normal in weight, 
showing no evidences of anemia, and well fleshed, they were unable 
to survive on the diet provided. This, incidentally, indicates that 
body weight is not an accurate index of well-being. They did not 
show evidences of physical breakdown until about eight to nine 
months of age, however, and retained a better physical appearance 
throughout the latter half of the experiment than did the sole-milk 
group. 
Usually death was preceded by anorexia and the calves be-
came weak and helpless. Only two calves, No. 679E of the sup-
plemented-milk group, and No. 617E of the sole-milk group, are 
known to have died in convulsions. Calf No. 661E, supplemented-
milk group, was killed after it was evident that death was fast 
approaching. The other calves died during the night or between 
feeding hours, but there were no signs of struggling. 
An interesting fact in connection with the body weights of 
both groups is the rapid gains followed by subsequent losses, prior 
to death (Tables 1 and2). This same phenomena has been observed 
by McCandlish (1918) and Huffman (1926). 
The calvs in both groups and also the normal calves, from a 
few months of age to shortly before death, are shown in Figs. 
3, 4 and 5. A complete life history of these calves will be found 
in the appendix. 
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Fig. 4.-Normal Calves and Calves ],'ed Wbolemilk. Iron, Copper, Manganese and Cod 
Liver Oil. All calves photogral)hed at 2%, 6y" and lOy" months of age, respectively. 
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Photograp-hs 1, 2, 3 Normal calves. 
Photographs 4, 5, 6 S'u,pplemented-milk calf No. 655E. 
Photographs 7, 8, I} Supplemented-milk calf No. 661m. 
Photographs 10, 11, 12 Supplemented-milk culf No. 664El. 
Photographs 13, 14, 1i) Supplemented-milk calf No. 679El. 
Photographs 16, 17, 18 Supplemented-milk calf No. 699El. 
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Note the d-ifference between the barrel development of the normal and supplemented-
milk calves; also the r-adlcal change in healthful appearance after 61,6 months of age. 
Linear Measurements.-Linear measurements of the height at 
withers, heart girth and width of hips were made on all calves at 
monthly intervals. The data, according to age intervals, are pre-
sented in Tables 3, 4, 5, and 6. While animals may vary considerably 
in body weight at their respective ages, and under extremes of ex-
perimental conditions and feed intake, the skeletal development 
usually is not so markedly influenced. Brody and Ragsdale (1923) 
say that "while the effect on the weight of animals is profound, the 
height at withers is very little affected even under these extreme 
conditions. Under ordinary variations of food supply and other 
experimental conditions, the effect 011 the height at withers may be 
considered as negligible." 
TABLE 3.-COMPARISON 01' HEIGHT AT WITHERS OF NORMAL AND MILK CAI.VES 
Age, 
months 
Height at Withers (inches) 
-----,------------------
Milk Only 
Milk, Fe, Cu, Mn, and 
Cod Liver Oil 
Normal -----------------------
617E 637E 670E 655E 661E 664E 679E 699E 
--------1----- ------------------------Birth _______ 29.1 28.5 29 . 7 28.1 28.7 28.9 - -36~j-- -~-~----1 __________ 30 . 6 30.1 30.5 31. I 30.5 30.3 29.9 33.1 2 _________ _ 32.3 33.6 33 . 8 32.6 34.0 33.0 32.3 32.7 35.4 3 __________ 34.3 36.6 35.8 34.6 36 . 4 35.6 34.8 35.2 37.8 4 __________ 36.2 38.3 38.2 37.0 39.4 37.6 37.0 37.4 40.2 5 __________ 37.7 40.4 39.8 38.8 40.9 40.0 39.4 39.7 41.9 6 _________ _ 39.7 41.5 40 . 9 40.6 43 . 7 41.3 41.1 41.7 42.9 7 __________ 41.1 42.3 41.9 41.3 44.7 42.9 41.9 43.1 44.6 8 _____ _____ 42.3 43.3 42.7 42.1 46 . 3 43.9 43.7 43.7 45.5 9 __________ 43.5 43.1 43.9 43 . 3 46.4 44.5 H.l 45.3 46.6 10 ____ ______ 44.4 44.3 H.5 43.7 46 . 8- 45.3 45.1 46.1 47.2 11. _________ 45.3 44.3 44.9 46.1 46.4 48.0 12 __________ 46 .0 44.3 45.6 46.6 46.8 48.2 13 __________ 46.7 ---.-.-. -------- 46.9 --- . - . -. ---- - --. - -----.- 46.6 14 __________ 47.3 
-------- --- - ----
47.4 
-------- -------- -- .. -.-- -----.-- ----_.-. 15 __________ 47.9 -------. ---.-.-- 47.4 -------- --- - ---- - ----.- - -------- --------16 __________ 48.5 ---.-.-- -._.-.-- 47.8 -------- -- -- ---- -.-.---- -.------ --------17 __________ 48.9 
-- -- ---- ---- ----
48.2 
-- ------ ---- -- -- ----- --- ---- - - --
- . _-----
In view of the above quotation, it is interesting to note 
(Table 3) that the calves on milk diets were almost invariably 
above normal in height at withers from the ages of two to 10 
months. There was little difference in the average height at 
withers of the calves in the sole-milk a:nd the supplemented-milk 
groups. At two months of age, along with increased body weights, 
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Age, 
months 
Birth _______ 1 __________ 
2 __________ 
3 __________ 
4 __________ 
5 __ ____ ____ 
6 __________ 
7 __________ 
8 __________ 
9 __________ 
10 ____ ______ 
lL ___ ______ 
12 ___ _______ 
13 __ _____ __ _ 
14 _________ _ 
15 __________ 
16 __ ___ _____ 
17 ____ , ___ __ 
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TABLE 4.-RATIO* OF HEIGHT AT WITHERS TO BODY WEIGHT. 
Norm.lt 
J .09 
3.36 
4.58 
5.62 
6.71 
7.87 
8.94 
9.97 
10 .92 
II. 70 
12.43 
13 .09 
13.73 
14.63 
14.92 
IS .57 
16.12 
16.54 
Milk Only 
Milk, Fe, Cu, Mn, .nd 
Cod Liver Oil 
-------------1---·,-----,----
617E 637E 670E 655E 661E 664E 679E 
---------------
------
J.O l 3.29 3.48 --3~6ii-- 3.27 2.76 --3~53--4.09 4.40 4.63 3.72 3.34 
5.14 5 . 08 6 . 25 4.82 5.06 4.82 4.37 
6.72 6.59 7 . 74 6.18 6.46 6.17 5.28 
7.04 7.90 9.13 7.20 7.55 7 .54 6 . 60 
9.30 8.16 10.41 9 .04 9.50 8 .52 8.08 
10.33 8.31 11.33 10.54 10 .53 9.73 9.47 
10 .44 8.37 12.34 II. 72 11.65 10 .93 10.76 
11.20 9.71 13.77 12.63 12 .91 11. 83 12.15 
10 .90 10.61 15 .03 12.82 13.10 13 . 15 12.84 
10.74 10.02 16.24 12.09 14 .23 13.48 13.66 
10.92 16.81 13.66 14.11 
10.15 16.49 13. 19 13.63 
-._--.-. -.------ 15 .66 --- ---- - --- --.-- -------- 13.43 
- .-.---- ---.---- 15.40 -------- -.-.-- - . -- ------ --------
--.----- - - ----- -
IS . 69 -- - . ---- ----- --- -- ------ --------
---. ---- -- ---- - -
15.45 
---.---- - . - . -- -- ----- -- - ----- - - -
_.-. - .-- -.-.---- -.---.-- - -- -- --- ----- - - - -------- --------
*Weight expressed in pounds; height at with~rs in inches. 
699E 
---
--3~7i--
4.48 
6.03 
7.58 
8.35 
9.72 
11. 21 
12.39 
12. 23 
13.17 
12.52 
II. 39 
------- -
-- ----- -
--------
------- -
tTaken from Mo. Exp. St • . But. 338, "Feed Consumption of Dairy Cattle During Growth." 
The normal calves were fed milk, grain and roughage. 
TABLE S.-RATIO* OF CIRCUMFERENCE OF CHEST TO BODY WEIGHT. 
Milk, Fe, Cu, Mn, and 
Age, Norma,lt Milk Only Cod Liver Oil 
months ------------------------
617E 637E 670E 655E 661E 664E 679E 699E 
------------------------Birth- __ ___ _ 2.92 2.99 3.12 3.02 2.67 2.48 L _____ ____ 3.30 4.05 3.62 4.06 3 . 29 3 . 34 2.92 3.06 3.36 2 ____ ______ 4.00 4.04 5.29 4.35 4 . 38 4.09 3.78 4.49 3 __________ 4 . 84 5.62 5.55 6.36 5 .34 5.41 5.01 4.59 5.31 4 __________ 
5 .66 5.72 6.45 7 .16 6.33 6. 17 6 . 22 5.65 6.5 1 5 ___ _______ 6.45 7.46 6.60 8.14 7.52 7.72 7.53 6.64 7. 11 6 __________ 7.29 8 .71 6.85 8.93 8.81 8.38 9.59 7 . 61 8 .03 7 __________ 8.02 8.46 7 . 07 9 .5 3 9.50 9.27 8.56 8.60 9 .00 8 ______ __ __ 8.68 9 . 13 7 .99 ID.IO 10.12 10 .08 9.24 9.38 9.96 9 _______ ___ 9.32 8.71 8.71 11 . 10 10.29 ID.15 9.89 10.00 9.93 10 __________ 9.98 8.89 8.39 11.48 9.65 11. 00 10.30 10.60 10.61 lL ____ _____ 10.18 8 .91 12.00 10.53 11.10 10.25 12 ____ _____ _ 10 . 73 8.49 11.80 10.42 10 . 59 9.30 13 __________ 11. 22 -------- -------- 11. 76 ----- -- - - -- ----- --- - ---- - ------- --------14 ____ __ ____ 11.48 - ------- -------- 11.22 ------ -- -------- -------- ------- - ------- -15 __________ 11.91 
--- ----- ------ --
10.91 
------ - - -------- ----- - -- -----.-- --- --- - -16 _______ ___ 12.29 
-- - --- -- - -------
11.21 
--- ---- - -------- -------- -------- --------17 ___ c_ 
----
12 . 60 
----- - - - --------
11.47 
-------- ------- - ----- . -- -- --- --- ----- ---
*Weight expressed in pounds; circumference of chest in inches. 
tTaken from Mo. Exp. St •. Bul. 338, "Feed Consumption of Dairy Cattle During Growth." 
Th e normal calv"es were fed milk, grain and roughage. 
the calves on the milk diet were from one ,'to three inches taller at 
the withers than a normal calf. At eight months of age, the sole-
milk group, anemic and declining in weight, were comparable to 
the normal in wither height. At this same age, however, the calves 
in the supplemented-milk group were from one to four inches above 
normal in wither height and did not approach normal until a decline 
ingrowth, followed by death, occurred at 12 to 13 months of age. 
T able 4 shows the ratio of height at withers to body weight and the 
super-normal development is quite marked. 
Age 
months 
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TABLE 6.-RATlO* OF WIDTH OF HIPS TO BODY WEIGHT. 
Norm.lf Milk Only 
617E 637E 670E 655E 
Milk. Fe, Cu, Mn, and 
Cod Liver Oil 
661E 664E 679E 
43 
699E 
-----1----------------------------Birth _______ 13 .43 13.84 15 . lD 14 . 05 11. 95 11.09 11. 95 1 ___ __ _____ IS .34 18.95 17.02 19.25 13.63 15.19 12.70 14.30 15.24 2 __ ___ _____ 17.61 18.70 19.86 21.16 18.93 20 .21 18.01 16.15 19 . 97 3 __________ 20.97 24.04 23 .98 27.23 23.34 23.37 21. 84 19.29 23.65 4 ___ __ ___ __ 24.05 24.06 27.91 30.12 26.7S 26.95 24.86 22.83 27.18 5 ___ __ _____ 26.75 30.81 27.51 34.20 31. 86 31. 69 28.94 27.18 29.16 6 __________ 29.83 34.07 28.33 35 .41 36.05 33 . 48 31.77 30.40 32.10 7 _____ _____ 32.28 34.02 29.72 39.26 38.05 36.81 35.25 33.69 35 . 79 8 ______ -_ -- 34.47 36.79 33.44 41.61 40 .17 40.01 37.54 35.95 38.21 9 _________ _ 36.35 34.13 36.43 43.40 40. 86 40.57 40.22 35.57 39.14 10 _______ ___ 38 .06 35.05 34.87 46 . 86 43.69 42.57 40.13 40.02 38.04 11. _________ 39.27 35.14 47.96 41. 58 41.09 39.15 12. _________ 40 . 77 32.35 46 .05 40 .06 40.02 34.75 13 _____ ____ _ 42.46 w _______ 
---- - .-. 45.90 -------- -----.-- -------- 38.78 14 _________ _ 43.51 
-------- -------- 43.34 -------- - ------- -------- -------- --------15 ________ __ 45.81 
- ------. ---.---- 42.64 -------- -------- -------- -------- -----.-. 16 __________ 
- - ------ - ------ - --------
43.80 
-------- --. ----- ------ - . --.----- -----.-. 17 _____ ____ _ 
-- -- - --- ---- ---- --- -----
44 .03 
----- - -- --------- -.-.- --. 
---- ---- -.------
*Weight expressed in pound3; width of hips in inches. 
tTaken from Mo. Exp. St •. Bul. 338 "Feed ConsumptioIl of Dairy C.ttlc During Growth." 
The normal calves were fed milk, grain and roughage. 
Other skeletal measurement ratios show the same phenomenal 
growth and development of the calves during the first eight to 10 
months of milk feeding. The ratios of circumference of chest to 
body weight are presented in Table 5. Table 6 shows the ratio 
between width of hips and body weight. 
Food Consumption.-The data for daily food consumption of 
the two groups of milk-fed calves are shown in Table 7. As a 
general rule 10 pounds of wholemilk (average test 3.47 per cent) 
was fed daily per hundred pounds of liveweight. Maximum milk 
consumption was encouraged and where a calf would consume 
Age, 
months 
TABLE 7.-AvERAGE DAILY FOOD CONSUMPTION OF MILK FED CALVES 
Pound. of 3.47 per cent Milk Daily 
---wE-j--6-37-E-' -'--6-7U-E-- 1 655E 661E 664E 679E 699E 
_____ I_M_il_k Wt.* Milk Wt. Milk Wt. Milk Wt. Milkl Wt. Milk Wt. Milk Wt. Milk Wt. 
Birth-L _______ 10.0 104 11.2 116 10.3 99 9.0 90 10.5 103 9.8 89 9.5 95 11.1 105 
1- 2 _________ 18.0 146 17 .2 153 15.6 122 14.1 137 14 .5 140 15.4 128 13 .8 125 15.5 148 
2- 3 _________ 27.3 209 24.3 204 22.0 174 19.7 194 19.9 198 20.2 165 18.8 164 20.7 205 
3- 4 _________ 34.4 256 31.4 269 29.4 236 26.3 254 27.5 263 25.7 247 24.9 216 28.2 266 
4- 5 _________ 38.9 323 35.6 313 34.5 303 33.5 327 34.1 338 30.6 307 32.2 284 32.1 327 
5- 6 _________ 38.4 402 18.2 332 38.2 371 33.8 415 35.2 407 29.4 368 35.5 358 35.7 363 
6- 7 _________ 38.2 435 5.6 345 36.3 432 36.9 492 36.8 467 33.4 479 36.8 429 37 .6 458 
7- 8 ________ _ 29.4 463 26.6 383 39.6 465 41.3 554 40.8 533 40.8 467 38 .5 497 38 .1 532 
8- 9 ___ ______ 28.7 477 32.3 440 48.2 545 45.0 590 49.9 575 46.1 548 48.8 506 53.9 567 
9-10 _________ 33.6 473 29.3 456 48.5 615 28.8 560 50.8 614 58.3 594 52.6 606 49.4 591 
10-11 ________ 30.2 480 __________ 58.1 680 16.7 558 49.7 637 42.1 603 51.3 642 31.4 611 
11-12 _________ 25.4 465 __________ 42.8 732 __________ 42.2 622 __________ 37.8 646 27.7 575 
12-13. ________ 21.3 455 __________ 38.9 753 ___________ __ _________________ 28.2 632 _________ _ 
13-14 _____________________________ 36.7 760 ________ ___________ __ ______ ______________________ _ 
14-15 _____________________________ 31.5 755 ______________ _ ___ __ _________________________ . __ _ 
15-16 _____________________________ 32 .8 736 __________ ______________________________________ _ 
16-17 ___________________ __________ 36.2 740 ___ ______________ ___ ___ __________________________ _ 
*Weight is average daily weight for 30 day period specified. 
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Fig. 5,~Changes in liveweight with aclvancing age. 
Calves Nos. 617E, 637E and 670E were fed a sole· milk diet; 
the others were fed milk supplemented with cod liver oil, 
iron, copper and manganese. The dotted, line represeuts 
normal body gain (Missouri Agr. Exp. Sta. Bul. :~36, Ilt34) 
and the solid line represents Eckles normal growth 
standard (Missouri Agr. Exp. Sta. Res. Bul. 36, 1920). 
milk at higher levels of feeding it was furnished. The calves were 
fed three times daily so as to permit a: maximum milk intake. No 
difficulty was experienced in getting the calves to consume large 
quantities of milk daily until they were from four to six months 
of age, when some of the calves (Table 7) tired of the diet. Some 
of them, however, continued eating from 50 to 60 pounds of milk 
daily until shortly before death. There was considerable varia'tion 
in the amount of milk consumed by animals of similar weight and 
age. 
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The average daily intake of nutrients per hundred pounds of 
liveweight by the milk-fed groups is compared in Table 8. The 
normals, it will be quoted, represent the average daily intake of 
diges tible nutrients and digestible protein per hundred pounds of 
liveweight for Holstein females raised in the Missouri Station herd. 
The rate of feeding the normal calves closely paralleled the Henry-
Morrison standards. 
TABLE 8 .-COMPARISON OF NUTRIENTS CONS UMED DAILY PER HUNDRED POUNDS 
LIVEWEIGHT BY NORMAL AND MILK CALVES . 
Nutrien t s per Hundred Pounds Liveweight (pounds) 
Total Digestible N utrients Digestible Protein 
Age 
Mi lk- Milk- Milk- Milk-
Normal* alone supplemented NormaI* alone supplemented 
Birth-L ____ I. 22 1.72 I. 82 0.2S 0 . 32 0.33 
1- L __ ___ == 1.46 2 .09 I. 88 0 . 34 0.38 0.3S 
2- L ____ ___ _ I.S6 2. 18 I. 83 0.42 0 . 40 0 . 34 3- 4 _______ __ I. 70 2 . 18 I. 86 0.46 0.40 0 . 34 4- S _________ I. 78 2.02 I. 80 0 .46 0.37 0 . 33 S- 6 ____ ___ __ I. 74 I. SOt I. 53 . 0 .44 0 . 28 0 . 28 
6- 7 ________ _ I.S 9 1.15t I. 36 0 . 37 0 . 21t 0 . 25 
7- 8 __ ____ ___ I.S0 1. 25t 1.34 0 .32 0.23t 0 .25 8- 9 ___ _____ _ 1.40 I. 30 I. 53 0 . 28 0.24 0 . 28 9-10 ______ ___ I. 35 I. 25 1.39t 0 . 25 0.23 0 .26t lO-IL ______ __ I. 36 I. 32 I. lOt 0 . 2S 0.24 0 .20t 11-12 __ ____ __ _ I. 30 0.99 1.04 0.22 0 . 18 0 . 19 12-IL _____ ___ 1.30 0 . 87 0 . 78 0.21 0. 16 0.14 13-14 ______ ___ I. 28 0.84 ~ -- ---- - -- - - 0.21 0.15 - -- -- -- - - ---14-15 _________ 1.26 0 . 73 
- -- - -- - - -- - -
0 . 20 0.13 
---- -- ------IS-16 ___ ______ I. 23 0.78 
- -- - - - - - -- - -
0 . 19 0.14 
- -- - - -- -----16-17 ___ ______ 1.26 0.85 
- - -- ----- -- -
0 . 20 0 .1 6 
- - ----- -- ---
*Taken from Mo. Agr. Exp. Sta. Bul. 338, " Feed Consumption of Dairy Cattle During Growth . " 
tCalves very erratic in milk intake from this po int until death. 
'Milk is high in water content and low in dry matter (12 to 13 
per cent) and some investigators have believed that an animal 
could not ingest a sufficient quantity to make normal growth 
(Anderegg and Nelson, 1'925). The daily intake of digestible 
nutrients and digestible protein, per hundred pounds of liveweight, 
for the milk-fed g roups is compared to normals in Table 7. It is 
noted that a diet of milk alone and also a diet of milk supplemented 
with iron, copper, manganese and cod' liver oil, at the levels fed, 
furnished digestib le nutrients in excess of the normal until the 
calves were about five to six months of age and weighed about 
375 pounds. 
Protein consumption, as indicated by Table 8, was somewhat 
below normal for the milk-fed groups. T he normals, however, were 
fed skim milk in addition to alfalfa hay and grain to six months of 
age, and the protein intake was considerably greater than that of 
the milk-fed groups. The fact that the milk-fed calves of both 
groups continued to gain above normal would indicate that perhaps 
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TABLE 8-A.-MINERAL INTAKE PER DAY PER THOUSAND POU
NDS LIVEWEIGHT 
Aver- Mineral Intake (grams) 
Age. age ---------
K I Na 
---
-------
--
months Weight Cu lb. Ca P Mg Cl Fe M
n 
-----
-
Birth-L ___ 106 57.2 29 . 4 8.1 
(Fed milk alone) 
67.0 24.0 45.0 0.1124 0.0067 0.0022 
1- 2 ______ 141 69 . 3 35 . 7 9.9 81.4 29.1 54.5 0.1362 0.0082 0.0027 2- 3 ______ 196 72.3 37.2 10.3 84.9 30.3 56.8 0.1418 0.0085 0.0028 3- 4 ______ 254 72.3 37.2 10.3 84.9 30.3 56.8 0.1418 0.0085 0 .0028 4- 5 ______ 313 67.0 34.5 9.5 78.7 28.1 52.7 0.1316 0.0079 0.0026 5- 6 ______ 368 49.6 25 .6 7. 1 58.2 20.8 39.0 0.0976 0.0059 0.0020 
6- 7 ______ 404 38.2 19.7 5.4 44 . 8 16.0 30.0 0.0750 0.0045 0.0015 7- 8 ______ 444 41.6 21.4 5.9 48 . 9 17.5 32.7 0.0817 0.0049 0.0016 8- 9 ______ 487 43 . 3 22 . 3 5 . 8 50.8 18.2 34.0 0 .0851 0.0051 0 .0017 9-10 ______ SIS 41.6 21.4 5.9 48.9 17 .5 32.7 0.0851 0.0051 0.0016 
10-1 L _____ 580 43.9 22.6 6.2 51.5 18.4 34.5 0.0862 0.0052 0.0017 11-12 ______ 600 32.9 16.9 4.7 38.7 13 .8 25.9 0.0647 0.0039 0.0013 12-13 ______ 604 28.9 14 .9 4.1 33 .9 12.1 22.7 0.0567 0.0034 0.0011 
13-14 ______ 760 27.7 14.3 3.9 32.6 11. 7 21.8 0 . 0545 0.0033 0.0011 
14-15 ______ 755 24.1 12.5 3.4 28.4 10.2 19.0 0.0491 0.0030 0.0010 15-16 _____ 736 25.9 13.4 3.7 30.5 10 . 9 20.4 0.0511 0.0031 0.0010 16-17 ______ 740 28.2 14.6 4.0 33.2 11.9 22.2 O. 0556 0.0033 0.0011 
(Fed Milk supplemented with 15 mg. Fe. 1.5 mg. Cu and 1.5 mg_ Mn per liter) 
Birth-L ___ 96 
I 
60.0 30.9 8.5 70.5 25.2 47.2 0.8260 0.7800 0.0730 1- 2 ______ 136 62.5 32.2 8.9 73.4 26.2 49.1 0.9570 0.0910 0.0860 2- 3 ______ 189 60.7 31.3 8.6 71.3 25.5 47.7 0.9300 0.0880 0.0830 3- 4 ______ 247 61.8 31.9 8.8 72.6 26.0 48.6 0 . 9480 0 . 0900 0.0850 4- 5 ______ 317 59.5 30 . 7 8.5 69.9 25 .0 48 .6 0.9130 0.0870 0.0820 
,- 6 ______ 386 50.9 26.2 7 . 2 69 . 8 21.4 40 .0 0.7800 0.0740 0.0700 6- 7 ______ 465 45.0 23 . 2 6.4 52.9 18.9 35.4 0.6910 0.0660 0.0620 7- 8 ______ 521 44.5 22.9 6.3 52.3 18.7 35.0 0.6830 0.0650 0.0610 8- 9 ______ 557 50.9 26.2 7.2 59.8 21.4 40.0 0.7800 0.0740 0.0700 9-10 ______ 597 46.3 23.9 6.6 54.4 19.5 36.4 0.7100 0.0670 0.0640 10-1L ____ 610 36.4 18.7 5.2 42.7 15.3 28.6 0.5580 0.0530 0.0500 11-12 ___ __ _ 614 33.6 17.3 4.8 39.4 14.1 26.4 0 . 5150 0.0490 0.0460 12-13 ______ 632 25.9 13.4 3.7 30 . 5 10.9 20 . 4 0.3980 0 .0380 0.0360 
TABLE 9.-COMPARISON OF NUTRIENTS REQUIRED PER POUND OF GAIN BY N
ORMAL 
AND MILK CALVES 
Age. 
months 
Nutrients per Pound Gain (pounds) 
. 
Milk. Fe. Cu. Mn, and 
MIlk Only Cod Liver Oil Norma1* --------_______________ _ 
617E 637E 670E 655E 661E 664E 679E 699E 
B{::.tt:=~~== U~ U~ U~ U~ U~ U§ ----us U~---u6 ~= ~:====== U~ U~ U~ U~ Uj U~ U~ Ut U~ 
4- 5_______ 2.71 1.74 7.39 . 2.54 1.70 1.96 2.56 2.07
 3.39 
t ~~=====: Ui d:U U~ Lib U6 Ug ng n~ U~ 
7- 8_______ 4 . 26 3.27 1.98 3.78 3.23 2.90 3.49 2.
74 2 84 
8- 9_______ 5.05 - 9.80 3.02 3.28 21.45 14.90 9.93 4.5
7 4:29 
9-10_______ 6.03 31.92 7.57 3.26 - 4.73t -15 .82t -20.12t 5 .
23 4.52 
~~g:==:=== ~·t§ 1~.~~ -------- 4.70 l.59t -15. 82t --______ 9.98 - 7.12t 1~lim:~~: .III ~T:~~; ~~l~:::~ ;:!!fllm:~l~ ~-~:m- m~m~ ~~11~m m'm~ 
*Taken from Mo • .Agr. Exp. Sta. Bul. 338. "Feed Consumption of Dairy Cattle During
 Growth .. 
The normal calves were fed milk, grain a,nd roughage. 
. 
tRepresents a 1080 in body weight. 
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milk proteins are superior to those furnished by the normal ration, 
and also that the calves on a lower protein intake probably used it 
most efficiently for growth purposes. Table 9 shows the comparison 
between normal and milk-fed calves with respect to the nutrient 
intake per pound of gain in body weight. A comparison of the 
TABLE IO.-COMPARISON OF PROTEIN CONSUMED PER POUND OF GAIN BY NORMAL 
AND MILK CALVES 
Protein per Pound Gain (pounds) 
---------
Age, Milk, Fe, Cu, Mn, and 
months Milk Only Cod Liver Oil 
Normal* ------------------------
617E 637E 670E 655E 661E 664E 679E 699E 
---------------------------Birth-l _____ 0.28 0.25 0.30 0.66 0.22 0.53 0.46 0 . 39 0.30 
1- 2 _______ 0.36 0.34 0.43 0.34 0.25 0.26 0 .26 0.37 0.30 
2- 3 _______ 0.50 0 . 36 0.39 0.35 0.31 0.30 0.33 0.42 0.36 
3- 4 _______ 0 . 60 1. 37 0.46 0.44 0.43 0.39 0 . 39 0.29 0.35 
4- 5 _______ 0.70 0.35 1.48 0.47 0.34 0.40 0.52 1.18 0.66 
5- 6 _______ 0.75 0.69 1.61 0 .56 0.42 0 . 61 0.44 0.48 0 . 51 
6- 7 _______ 0.82 2.82 0.40 0.62 0.56 0.54 0.55 0.51 0.44 
7- 8 __ _____ 0.92 0.65 0 . 39 0.76 0.65 0 . 58 0.66 0.55 0.57 
8- 9 _______ 1.01 - 1.83t 0.59 0.66 4 .32 3. 00 0 .70 0.92 8.62 9-10 _______ 1.12 5.37 - 1.40t 0.66 - 0.9St 0.79 1. 99 1.05 0.91 10-1L ______ 1.16 3.62 ~ ------- 0 .94 - 0.32t - 3.1St - 4.04t 2.01 - 1.43t 11-12- ______ 1.29 - 0.76t 0 .. 91 
-- ---- --
- 2.70t - 1. 97t -12.28t 12-13 _______ 1. 24 3.'10 -12.4St 
- ---. --- -- - - - --- - 2 . 26t -- --- ---13- 14 __ ____ _ 1. 28 
----- --- ---- - - --
2.20 
-- ------ --. -- .-- ---- -- -- -- -- ---- --------14-15 _______ I. 24 
- --- - --- --- --- -- -
1.26t 
---- -- -- -- - -- --- -- ------ --- ----- ---- ----15-16 _______ 1. 30 -.-- - .-. _.-. ---- - 2.63t - -- -- --- --- -- --- ---- ---- - -- - ----16-17 .. _____ 2.05 
-----.-- --------
1. 73 
- -- --- -- ---- - --- -------- ---- - ---
*T.ken from Mo. Agr. Exp. St •. Bul. 338, "Feed Consumption of Dairy C.ttle During Growth." 
The normal calves were fed milk, grain and roughage. 
tRepresents a loas in body weight. 
relative amounts of protein required per pound of gain by normal 
and milk-fed calves is shown in Table 10. The age and daily and 
monthly gains, respectively, are shown in Tables 1 and 2. After 
the calves began refusing feed the gains became erratic. Some 
of the calves would go for several days without eating. One calf, 
No. 617E of the sole-milk group, refused m:ilk for 17 consecutive 
days and lost considerable weight, but started eating again and 
was soon above normal (Table 2)_ 
Feed refusals were characteristic of the sole-milk group at 
the time the hemoglobin values were below normal. 
The mineral intake of the milk-fed groups is of particular 
interest. The average daily mineral intake in grams per thousand 
pounds of liveweight for the two groups is shown in Table 8. In 
computing the mineral intake the analyses of milk ash as reported 
by Clark (1927) was used as a basis for calculations of Ca, P, Mg, 
K, Na and Cl. The iron content of milk was assumed to be 0.00025 
per cent (Elvehjem et al., 1927) ; the copper content 0.000015 per 
cent (Elvehjem et aI., 1929); and the manganese content 0.000005 
per cent (Kemnierer et aI., 1929, and also results from our labora-
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tory). All minerals are figured in terms of the amount of element 
present, not as its oxide. 
There was little difference in the average mineral intake of 
the group of calves fed sole-milk and supplemented-milk except for 
the iron, copper, and manganese supplements which were added to 
the latter diet. These elements were increased by the addition of 
15 mg. iron, 1.5 mg. copper and 1.5 mg. manganese per liter of 
milk ingested. 
The calcium intake during the first six months of life ranged 
from 70 to 40 grams per thousand pounds of liveweight per day; 
at 6 to 12 months from 45 to 33 grams; and from 12 months to death, 
33 to 25 grams. The absolute calcium intake per day ranged from 
6 to 10 grams daily for calves at one month of age, and from 30 
to 35 grams daily for calves at one year of age. This calcium intake 
is sufficient for normal growth and satisfactory bone development, 
according to Henderson (1930). Huffman (1934) likewise reports 
that dairy heifers grew normally if supplied 6 to 12 grams of 
calcium per day from birth to two y.ears. Blood calcium values were 
normal (Tables 12, 13 and 14). No evidence of rickets was 
observed. 
The phosphorus supplied daily as shown in Table Sa ranges 
from 37 to 14 grams per thousand pounds of body weight per 
day. The average daily total phosphorus intake per calf was 
approximately 3 to 4 grams the first month and gradually increas-
ing to S to 10 grams per day. This intake was apparently adequate 
and approaches the requirements as set forth by Theiler (1927), 
Henderson (1930) and Huffman (1934). The phosphorus values 
for blood serum of these calves is shown in Table 12, 13 and 14. 
The magnesium intake ranged from 4 to 10 grams daily per 
thousand pounds liveweight, and the daily intake of magnesium 
varied from 0.S3 grams per day at birth to 2.5 grams per day at 
six months of age. At 12 months of age the average magnesium 
intake was 1.7 to 2.25 grams per day. This intake appeared ade-
quate, and no symptoms of hypomagnesemia were noted either in 
the actions of the animals or in the blood serum values (Tables 12, 
13 and 14). Huffman (1934) has observed magnesium tetany on 
a: slightly lower intake than allowed calves on this experiment. 
These results will be discussed further. Apparently, chlorine is 
furnished in adequate amounts by a sale milk diet (Babcock, 1920). 
Copper, iron and manganese were added in sU,fficient quantities 
to prevent anemia in the supplemented-milk group, but the sole-
milk group receiving iron, copper and manganese in much smaller 
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quantities became anemic as is pictured in Tables 12, 13 and also 
Figs. 8 to 13, inclusive. 
Energy Metabolism.-The energy metabolism of the calves in 
the two milk-fed groups was measured by means of the Benedict-
Collins-Roth clinical metabolism apparatus, according to methods 
described in Mo. Agr. Exp. Sta. Res. Bul. 143. Comparison of the 
age changes in the energy metabolism of milk-fed and normal 
calves is presented in Figs. 6 and 7. 
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50. MISSOURI AGRICULTURAL EXPERIMENT STATION 
Holstein females. The lower broken line represents the normal basal 
metabolism. 
It is of interest to note that both groups of milk-fed calves 
reached a practically post-absorptive level about 12 hours after 
feeding. This observation agrees with studies by Espe and Cannon 
(1935), who find the milk curd liquefied and the stomach com-
pletely evacuated in 10 to 17 hours when milk containing 3 to 6 
per cent fat was fed. Inasmuch as the metabolism trials were made 
early in the morning and some 10 to 12 hours after feeding, the 
energy values for resting metabolism and basal metabolism on these 
calves are expressed by the same figure. 
An examination of Figs. 6 and 7 shows that in general the 
number of calories per kilogram per day expended by the milk-fed 
calves is greater than normal. A decrease in the "basal metab-
olism" with advances in age and increases in body weight is also 
apparent and follows the normal in this respect. 
It is apparent that the energy values obtained are widely 
scattered and erratic. This may be explained by the fact that the 
calves on the milk diets were very nervous, dyspneic, and lost 
weight in the later stages of the experiment. The calves fed only 
milk were anemic, and all sooner or later were irregular in feed 
consumption. It was hoped that differences in energy metabolism 
between the sole-milk and the supplemented-milk groups could be 
studied, but due to the physical status of the calves on these diets, 
all measurements were erratic and no satisfactory conclusions can 
be drawn. The data are presented for the benefit of the reader and 
also to demonstrate from another angle the wide variation from 
normal of calves fed continuously on milk diets. 
Energetic Efficiency of Growth.-The generally accepted defi-
nition of efficiency is the percentage ratio of output to input. In 
the case of growing animals gross energetic efficiency is the ratio 
of the energy stored in body gains to the energy in food consumd 
during the same period, as shown by the equation: 
.. energy in gain Gross energetIc effiCIency = 100x (1) 
energy in food 
consumed 
Since the energy in one pound of FCM (4 per cent milk) is 340 
Calories (Gaines, 1928), and a pound of gain contains approximate-
ly 906 Calories (Mo. Agr. Exp. Sta. Res'. Bul. 238), equation (1) 
may be written: 
Gross energetic efficiency = 100x 906x gain (lbs.) 
340x FCM (lbs.) 
consumed 
(2) 
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If we assume that the energy content of total digestible 
nutrients (TDN) is 1814 Calories per pound (Mo. Agr. Exp. Sta. 
Res. Bul. 238), then equation (2) may be written: 
Gross energetic efficiency = 100x 906 x gain (lbs.) 
1814 x TDN lbs.) 
consumed 
(3) 
With the aid of equation (3) the average gross efficiency for 
normal H olstein females from birth to 18 months of age was 
determined. The gross energetic efficiency is highest in normal 
growing H olstein females between birth and eight months of age 
(Table 11). These findings are in agreement with efficient use of 
nutrients by calves from birth to six months of age as reported by 
Ragsdale (1934). 
By the use of equation (2) the gross efficiency for the sole-milk 
and the supplemented-milk groups was comput ed. These values 
are compared to normals in Table 11. 
TABLE 1l.-GRoss EFFICIENCY OF GROWTH OF NORMAL AND MILK CALVES 
Gross Efficiency (p r cent) 
Age, 
Milk Only 
Milk, Fe, Cu, Mn, and 
months Cod Liver Oil 
Normal* ------------------------
617E 637E 670E 655E 661E 664E 679E 699E 
------------------------Birth-L _____ 36.10 36.20 30 . 60 13.80 42.20 17.20 19 .90 23.70 30.90 1- 2 _______ 29.40 26 .50 21.10 26.90 36.50 35.60 34.70 24 .80 30.80 
2- 3 ______ _ 25.60 25.50 23.50 25 .90 29.50 30.10 27.90 29.60 25 .30 3- 4 _______ 20.80 6.70 20.00 20.80 21. 30 23.20 23.70 23.30 26.00 4- 5 _______ 17 .30 26.00 6 .20 19.30 26.70 10.60 17.80 21. 90 13 .40 5- 6 ___ ____ 16.00 13.10 7.50 16.50 21. 60 14.90 20.80 19.80 17 .90 
6- 7 _______ 13.50 3.20 I S.60 14.70 16.30 16 .90 16.50 17.90 21.00 
7- 8 _______ 11. 10 13.90 22.90 12.00 14.10 15.70 13 .S0 16.50 16 .00 8- 9 _______ 9.40 5 .00 15 . )0 13.90 2.12 31.60 13.00 9.90 10.60 9-10 ___ ____ S.20 1. 70 - 65.10 14 .00 -99 .61 11. 60 45 . S0 8.70 10.00 
100IL ______ 7.10 2.50 9.70 - 28.60 - 2.87 - 2.26 4.60 - 6.00 1I-12 __ _____ 6.60 -1 2.00 1.00 ~ -- --- -- - 3 .39 ----- --- - 4.30 - 0.70 12-13 _______ 6.20 2.70 0.74 -- --- - - - --- --.-- --- - - --- - 4.10 13-14 ___ __ __ 6.10 -- -.-. -- - --.- - -- 4.16 ----- --- --- -- --- - ---- --. -------- -.--- ---14-15 _______ 6.00 
----- -- . --- - - ---
- 7.30 
----- --- ----- -- - ---.-.-. -- ------ --------15-16 ____ ___ 6.00 --- - - .-. --- -- -- - - 3 .00 -. - .- - - . ---- ---- - -- --.-- -------- --------16-17 _______ 4.00 
-. -- -- -- --- - - - --
5 . 30 
------- - - . - ---- - ------ - - -------- --------
*Taken from Mo. Agr. Exp. Sta. Bul. 33S, "Feed Consumption of Dairy Cattle During Growth." 
The normal cal ves were fed mil k, grain and roughage. 
The gross efficiency of the milk-fed groups is quite variable 
the first month of age, ranging from 17 t o 42 per cent as compared 
to an average of 36 per cent for the normal. At two to three months 
of age the gross efficiency of the milk-fed groups averaged 27 per 
cent as compared to 25 .6 per cent for the normals. At six to seven 
months of age the efficiency of gain of the milk-fed groups averaged 
15.5 per cent as compared to the normal of 13.5 per cent. After six 
month!' of age the calves in the sole-milk group were becoming 
anemic and gained spasmodically. The supplemented-milk group, 
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showing little evidence of anemia, continued to gain in weight 
from six to nine months at an efficiency above normal. After the 
ninth month the efficiency became negative due to weight losses. 
If the assumed caloric values for the weight gains and feed 
ingested are correct, then the milk-fed calves make slightly more 
efficient gains to eight months of age than normals. 
The data are too limited for statistical analysis and the signifi-
cance of the difference is not clear. It is appreciated that the com-
position of the gains is unknown and the assumed caloric values 
may have involved considerable error. 
Tables 9 and 10 presents a: comparison of the amount of di-
gestible nutrients and digestible protein consumed per pound of 
gain by the normal, sole-milk, and supplemented milk calves. 
Table 8 presents the total digestible nutrients and digestible protein 
consumed per day per calf. The values for nutrients consumed per 
pound of gain in Table 9 were computed on the assumption of 
Gaines (1928) that a pound of 4 per cent milk furnishes approxi-
mately 0.1742 pounds of digestible nutrients. Up to six months 
of age both the milk-fed groups and also the normals, consumed the 
minimum amount of digestible nutrients per pound of gain. 
Between four and eight months of age, however, the milk-fed 
calves consumed less digestible nutrients per pound of gain than 
those fed normal rations. At seven to eight months of age the 
supplemented-milk group consumed only three pounds of milk 
nutrients per pound of gain (Table 9), while the normal calf con-
sumed 4.26 pounds of nutrients per pound of gain. The sole-milk 
calves were becoming anemic at six to seven months of age and 
while requiring less nutrients than normal per pound gain, were not 
so efficient as the supplemented-milk group. After eight months 
of age comparisons were impossible. 
A comparison of the digestible protein consumed by normal, 
sole-milk and supplemented-milk fed calves is presented in Table 
10. The digestible protein content of the milk fed was about 3.20 
per cent. From birth to one month of age the milk-fed groups 
consumed more protein than the normals per pound of gain. From 
one to six months, however, (Tables 1, 2 and 10) the milk-fed 
groups gained 'faster and consumed less protein per pound of gain 
than normal calves. After eight months of age the sole-milk 
calves refused feed and the gains were small or in some cases 
negative. The supplemented-milk calves were slowest to show 
a physical breakdown and consumed less protein per pound of gain 
than normal to nine months of age when, due to feed refusal, further 
comparisons were impossible. These data indicate, however, that 
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milk proteins are m?re highly utilized and are superior in dietary 
value, pound for pound, than protein in customary normal rations. 
It is known that calves fed exclusive milk diets are not impaired 
in their ability to digest milk up to eight months of age (Hughes 
and Cave, 1931) . Furthermore, milk is a highly digested food. 
Morrison (1936) gives the following as the average coefficient of 
digestibility of milk by calves: crude protein, 94 per cent; nitrogen-
free extract, 98 per cent; and fat, 97 per cent. 
Blood Picture.-The blood picture of the sole-milk, supple-
mented-milk and control calves was followed closely throughout 
the experiment. 
Blood analyses were made on the milk-fed groups each two 
weeks and monthly on the controls. The following determinations 
were n1'ade: (a) hemoglobin, (b) cell count, -( c) histological exam:-
ination of cells, (d) hematocrit, (e) calcium, (f) phosphorus and 
(g) magnesium. The results are given in Tables 12, 13 and 14, 
and presented graphically in Figs. 8 to 12, inclusive. 
(a) He1'Jwglobin.-Hemoglobin was determined by the acid 
hematin method described by Terrill (1923). The samples were drawn 
from free-flowing blood by means of a capillary pipette and intro-
duced into tenth-normal hydrochloric acid. After color had devel-
oped the sample was matched against a standard. This standard 
was made from blood which had been standardized by the Van 
Slyke (1924) method. The results for the control calves are shown 
in Table 12. The values obtained agree closely with those reported 
by Brooks and Hughes: (1932), who found the nornml hemoglobin 
value for bovine blood to be 1O.96±OXJ64 grams of hemoglobin 
per 100 cc. of blood. It is observed that the hemoglobin values are 
not affected by age. The control calves show normal hemoglobin 
values throughout the course of the experiment. 
Hemoglobin studies on the supplemented-milk group are shown 
in Table 13 and the plotted values for each individual in Fig. 8. 
While showing individual variation, the calves in this group at no 
time could be considered anemic. The average hemoglobin values 
for this group compare favora-bly with those obtained on the con-
trol calves. Usually the last hemoglobin readings before death 
of the calf was considerably lower than normal. Two of the calves 
(No . 655E and 661E) show only 7.2 and 9.2 grams of hemoglobin 
per 100 cc. of blood just prior to death. 
A considerable diminution of cell volume was also observed 
at the time these low readings were obtained. The blood of Calf 
No. 655E contained 33 per cent cells and that of No. 661E 38 per 
cent, whereas the normal cell volume for dairy cattle at this age 
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TABLE 12.-BLOOD PICTURE OF CALVES FED A NORMAL RATION CONSISTING OF 
MILK, GRAIN, ALFALFA HAY AND SII:AGE 
I Hemo-I Cell Count I Hem.ato-I Ca [ P I Mg Calf Date Age globin ent ---------
No. days gm. Erythro-[ Leuco- % cells 
cytes cytes Mg. per 100 cc. 
719 9-16-34 14 11.01 10,680 9,760 49 10.82 6 . 02 3.20 
10-20-34 48 11.62 8,275 8,710 44 11.06 5.14 3.12 
11-17-34 76 10.90 9,120 8,600 42 11.90 5.32 3.25 
12-15-34 104 9.72 7,780 7,900 43 10.10 5.97 3.01 
l-il-35 141 11.06 8,127 7,810 47 11.20 4.95 3.30 
2-17-35 168 12.09 8,510 7,760 44 10.90 5.16 3.12 
3-14--35 193 10.12 8,060 9,160 49 11.03 6.03 3.19 
4-- 8-35 218 11.52 6,336 9,382 42 10.80 4.35 3.20 
4--29-35 239 9.99 9,948 11,923 39 9.72 6.35 3.17 
5-20-35 260 12.20 8~496 9,330 10.35 4.55 3.17 6-10-35 281 10.45 9,840 57 9.14 3.80 3.56 
7-20-35· 321 9.67 8,172 8,745 49 11.42 4.25 3.13 
8- 2-35 334 10.57 7,682 9,705 47 9 .93 4.15 3.67 
9- 6-35 369 10.72 8,504 8,604 48 9.39 4.85 4.61 
720 9-20-34 15 10.96 10,896 11,600 50 11.60 4.50 2.92 
10-20-34 45 11.36 9,560 9,870 47 10.90 6.40 3.17 
11-17-34 73 10.81 10,103 10,700 45 10.20 5.95 3.36 
12-15-34 101 13.20 8,763 8,664 49 9.90 5.80 3.45 
1-21-35 138 12.60 7,960 8,960 46 11.60 4.95 3.19 
2-17-35 165 11.80 8,160 9,800 43 10.30 5.25 3.23 
3-14--35 190 10.32 7,120 7,430 41 10.70 6.02 3.29 
4-- 8-35 215 10.76 8,680 9,760 50 11.62 4.60 2.82 
4-29-35 236 10.57 8,268 10,800 53 11. 32 6.45 3.06 
6- 4--35 272 13.24 8,948 8,600 56 9.72 4.65 3.53 
7-20-35 318 11. 75 7,952 7,890 45 12 . 70 4.55 3.10 
8- 2-35 331 10.26 7,544 9,100 50 9.48 4.30 3.71 
9- 6-35 366 10.16 6,392 8,700 49 5 . 20 3.42 
721 10-20-34 8 11.60 9,860 7,610 49 11. 60 5.75 2.92 
11-17-34 36 10 . 93 8,916 8,167 48 10.90 5.43 3.10 
12-15-34 64 11. 26 8,630 7,100 45 11.20 4.97 3.02 
1-21-35 101 10.61 6,813 6,700 43 10.10 5.13 3.23 
2-17-35 128 10.31 8,136 7,190 42 11. 30 4.71 3.16 
3-14--35 153 11.20 7,204 6,170 41 
i6:70 3:06 4-- 8-35 178 11.60 6,996 7,860 45 4 . 97 
5-20-35 220 10 .94 7,756 8,580 47 11.15 4.25 3.60 
6- 4--35 235 12 . 37 9,152 9,945 42 10.00 4.60 3 . 50 
7-20-35 281 9.96 8,732 8,175 12.40 5.55 3.01 
8- 2-35 294 10.45 iWi 8,132 47 9.14 5.40 3.49 9- 6-35 329 12.27 6,976 44 9.93 5.90 4.72 
722 10-20-34 8 10.69 7,816 9,990 52 10.80 5 . 60 2.80 
11-17-34 36 13.42 8,340 10,860 54 11.50 6 . 22 2.62 
12-15-34 64 10.97 10,914 9,790 51 10.60 6.41 3.31 
1-21-35 101 12.20 10,112 8,714 47 10.50 6 . 79 3.06 
2-17-35 128 10.26 8,976 8,123 56 11.20 5.43 3.48 
3-22-35 153 10.39 10,160 9,970 48 11.35 4 . 90 3.67 
4- 8-35 178 12 . 23 10,940 9,167 46 11.45 6:35 3.28 4--29-35 199 10 . 86 10,024 7,763 47 11. 37 3.02 
5-20-35 220 10.16 9,344 9,180 10.65 4.40 2.96 
6- 4--35 235 9.91 8,936 8,34<l 42 10 .66 5.45 2 . 76 
8- 1-35 2.93 10.28 9,375 8,170 42 9.87 4.95 3.26 
9- 6 35 32' 10 .12 8, 67 7,060 48 9.85 4.55 3.46 
723 10-20-34 8 10.25 7,896 6,860 51 10.80 4.73 3.10 
11-17-34 36 11.60 6,936 8,910 49 11.20 6.38 2.93 
12-15-34 64 10 . 97 7,965 9,100 42 
10:50 
6.22 2.73 
1-21-35 101 12.01 8,640 7,165 42 5.14 3.08 
2-17-35 128 10.10 7,960 5,986 42 10.70 6.41 3.18 
3-14--35 15 3 9.75 6,836 6,510 45 11.50 5.27 3.31 
4-- 8-35 178 11.06 7,814 8,110 47 9.90 5.42 2.53 
4--29-34 199 10.20 8,913 6,796 43 11.20 4.96 3.19 
6- 4--35 235 10 .45 8,896 8,920 48 10.30 4.60 3.53 
7-20-35 281 9.75 9,386 9,076 46 12.25 5.96 3.02 
8-2-35 294 10 . 25 7,960 8,600 42 9 . 96 5.40 3.01 
9- 6-35 329 9.95 6,956 9,750 50 10.30 5.70 3.17 
Not('-Erythrocytes and leucocytes are expressed according to number per cu. mm. of blood. 
The last three places are omitted from the erythrocyte column. 
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TABLE 13.-BLOOD PICTURE OF CALVES FED WHOLEMILK SUPPLEMENTED WITH 
FE, Cu, MN AND COD LIVER OIL 
I Hemo- I Cell Count I He~i~to-I~J_p J~-Calf Date Age globin 
No. days gm. E ry thro- I Leuco- % cells 
cytes cyte s Mg. per 100 cc. 
655E 12- 2-34 23 9,104 11,670 46 12.80 4.96 3.lD 
12-11-34 32 10.85 
-10.368 io:ii90 
11.90 2.96 
1-10-35 62 12 . 11 48 12 . 96 5 . 12 3 . 23 
1-28-35 80 14.79 11,444 10,080 51 13.lD 4.78 2 .90 
2-11-35 94 12.07 8,816 11,422 57 12.60 6.26 3.00 
2-28-35 111 9,908 8,865 52 10.25 4 . 60 2.84 
3-11-35 122 13 . 80 10,992 9,375 52 9.98 3.75 2 . 76 
3-21-35 132 12.48 11,166 12,105 50 11.41 3.05 3 .42 
4- 5-35 147 13.77 12,944 12,435 54 ii: 86 3:70 4-17-35 159 14.01 10,844 10,485 61 3.09 
4-25-35 167 12.55 9,384 7,905 58 11. 26 3.98 3.24 
5-15-35 187 14.40 11,380 10,995 59 12.21 5.05 3.02 
6- 1-35 204 12 . 29 10,692 11,235 31 lD.80 3.75 2.92 
6-13-35 216 
12:66 iO:308 i:U45 
58 10.75 4.30 3.02 
7-14-35 247 51 11. 20 5 . 75 3.lD 
7-28-35 261 
13:34 
56 10.54 5.26 
8- 9-35 273 
-'7:680 i'3:m lD.90 4.30 3.38 8-13-35 277 
-9: 13 -9: 17 9-14-35 309 5,412 24,785 33 5.00 3.96 
10- 5-35 330 7.27 4,836 38 8 . 62 5.75 5.51 
10- 9-35 334 Died 
661E 11-19-34 7 11. 73 6,360 4,986 54 11. 90 5.lD 2.79 
12- 5-34 23 12 . 27 8,852 7,070 53 12 .00 4 .90 3.lD 
1-10-35 59 12 . 34 7,116 15,990 54 10.50 4.28 2.78 
1-26-35 75 12. IS 10,768 10,835 12.00 2.96 
2-11-35 91 11.44 8,448 12,072 52 12.80 5.00 3.10 
2-26-35 106 11.81 10,084 6,315 54 11.25 4 . 31 3.34 
3- 7-35 115 13 .08 9,088 10,500 50 10.20 3 . 55 3 .00 
3-18-35 126 9. 83 9,328 8,130 55 10.19 3 . 80 3.38 
4- 1-35 140 11.69 9,776 10,140 53 9.43 4.85 3.82 
·f-11-35 150 11.06 10,924 9,135 52 11. 96 4.80 2.20 
4-25-35 164 10 .59 8,472 9,945 51 
-9: 27 3.70 3.20 5-13-35 182 12 . 66 10,292 9,000 50 6 .05 2.93 
5-30-35 199 10.81 8,724 12,345 45 10.15 4.35 2.88 
6-13-35 213 11.85 8,720 8,025 51 10.53 4.30 3.09 
7-14-35 244 9.63 8,262 
10:460 
46 10.16 4.75 3.20 
7-28-35 258 8.19 7,848 47 11.76 4.06 2 . 92 
8- 6-35 267 9.41 8,704 10,545 64 
16:79 
3.62 
8-13-35 274 9.74 8,136 9,435 45 4 .54 4.07 
8-14-35 275 9.27 8,256 10,335 42 9.43 4 . 24 4.68 
8-15-35 276 9.75 7,488 9,180 44 10.25 4 .07 3.03 
8-16-35 277 9.50 8,900 12,585 43 9 . 52 4 . 36 4.36 
9- 3-35 295 10.60 9,634 11,445 56 11.11 4 . 20 3.78 
9-14-35 306 9.53 7,472 14,085 49 9.90 5.00 3.53 
10- 9-35 331 9 .75 7,360 16,785 46 9.84 4.61 3 . 78 
10-25-35 347 9.25 6,272 24,140 59 11. 65 4.92 4 .03 
11-19-35 372 9.19 5,000 17,835 33 9.16 4.58 2.08 
11-20-35 373 Died 
664E 12- 6-34 17 11. 11 8,204 4,005 61 11.60 5.10 2.96 
1-14-35 56 14.65 11,980 9,555 53 10.90 4.90 3.20 
1-28-35 70 14.16 10,260 7,935 49 
9:50 
4.98 3.30 
2-12-35 86 11. 27 11,164 8, 115 58 5.44 2.98 
2-28-35 101 
12: 3i 
12,268 10,680 60 10 .90 4.95 3 . 12 
3-11-35 Il2 11,320 19,350 56 11.65 4.05 2.92 
3-21-35 122 10.14 10,652 15,130 48 10.47 3.65 3.67 
4- 3-35 135 11.06 12,148 11,410 62 8 .81 4.45 2.91 
4-11-35 143 12 . 69 10,860 13,500 62 11.98 3.65 3.02 
4-25-35 157 13.41 10,912 14,947 64 1O.5-l 3 . 63 3.31 
5-20-35 182 12.47 11,176 
i<i:Z55 i6:45 ;; :16 6- 1-35 194 11.98 10,564 53 3.24 
6-20-35 213 10 .63 8,636 12,030 58 10.58 4 . 20 4.50 
7-20-35 243 10.94 11,540 12,630 55 11.42 4. 70 3.17 
7-28-35 251 8.74 8,760 11 ,835 45 10.98 4.25 2.92 
8- 6-35 260 11.48 11,2% 15,315 52 9.88 4.53 3 .64 
8-l3-35 267 10.00 9,000 13,174 48 10.93 4.90 4 . 39 
9- 3-35 288 10.89 10,244 13,155 
54 -9:48 4.85 9-14-35 299 10.17 9,760 H,715 5.55 3.67 
10- 9-35 324 9.36 7,008 11,700 34 8.98 4.72 3.60 
10-22-35 337 9.86 8,080 31,362 48 10.66 3.46 
10-25-35 340 Killed 
56 
Calf 
No. 
679E 
699E 
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Date 
12- 6-34 
1-14--35 
1-28-35 
2-11-35 
2-26-35 
3- 7-35 
3-21-35 
4- 3-35 
4-17-35 
4--25-35 
5-15-35 
6- 1-35 
6-13-35 
7-14-35 
7-28-35 
8- 6-35 
8-13- 35 
8-14--35 
8-15-35 
8-16-35 
9- 3-35 
9-14--35 
10- 9- 35 
10-22-35 
11-19-35 
12- 2-35 
12-10-35 
12-1 7-35 
11-23-34 
12- 2-34 
12-11-34 
1-10-35 
1-29-35 
2-11-35 
2-26-35 
3- 7-35 
3-18-35 
4- 1-35 
4-17-35 
4-25-35 
5-15- 35 
6- 1-35 
6-13-35 
7-10-35 
7-28-35 
8- 6-35 
8-13-35 
9- 3- 35 
9-10-35 
10- 9-35 
10-22-35 
11-19-35 
12- 1-35 
TABLE 13.-CONTINUED 
Age 1 ~~biO; I Cell C_ou_n_t _I HeC'::'i~to-l_c_a _1_p_I_M_g_ 
days gm. Erythro-/ Leuco- % cell. 
cytes cytes Mg. per 100 cc. 
29 
68 
82 
96 
111 
120 
134 
147 
161 
169 
189 
206 
218 
249 
263 
272 
279 
280 
281 
282 
300 
311 
336 
349 
376 
389 
397 
404 
18 
27 
36 
66 
85 
98 
113 
122 
131 
145 
161 
169 
189 
206 
218 
245 
263 
272 
279 
300 
307 
336 
349 
377 
388 
13.73 
1. 735 
13.09 
15 . 53 
13.89 
14.87 
11.05 
13 . 58 
12 . 52 
11.24 
11.12 
11 .89 
12.21 
15.04 
10.67 
11.47 
8.09 
11.63 
11. 21 
11.63 
12.07 
9 .5 8 
10.86 
10.20 
11.24 
10 .96 
9.84 
Died 
ii~ 3i 
11.57 
15 . 24 
12.81 
14.32 
12 . 98 
11. 23 
13.19 
13.02 
10 . 98 
11.69 
10 . 50 
9.59 
9 .50 
10.49 
9.78 
8.02 
11.32 
9.64 
10.20 
9 .56 
9.50 
Died 
10,861 
11,692 
12,196 
10,940 
12,160 
11,148 
10,264 
9,936 
11,024 
9,488 
8,892 
8,036 
10,112 
10,788 
9,212 
8,860 
8,~U8 
8,220 
9,432 
8~640 
8,316 
8,680 
9,959 
8,852 
9,515 
5,320 
4,840 
4,213 
6,903 
10,188 
11,508 
12,003 
11 ,936 
9,836 
14,516 
11,492 
9,672 
9,320 
8,508 
9,032 
9,576 
9,736 
8,164 
7,140 
8,944 
8,452 
8,660 
8,831 
8,180 
8,752 
9,345 
9,242 
9,142 
8,400 
10,050 
11,047 
12,052 
12,930 
12,342 
10,200 
14,955 
10,785 
10,875 
10,245 
12,660 
14,040 
15,150 
13,110 
-1-1~865 
12,795 
7,800 
20,910 
16,950 
14,675 
13,965 
12,165 
15,375 
15,885 
11,685 
8,175 
7,732 
11,496 
9,960 
10,297 
14,160 
11,505 
10,125 
11 ,385 
9,045 
8,625 
8,340 
11,730 
8,070 
4,955 
10,560 
10,500 
9,455 
13,665 
16,935 
61 
60 
51 
60 
58 
54 
50 
64 
53 
54 
54 
50 
53 
54 
52 
44-
46 
54 
57 
52 
55 
49 
49 41 
56 
51 
61 
63 
65 
54 
60 
56 
55 
50 
52 
55 
52 
52 
65 
46 
51 
49 
44 
42 
49 
49 
46 
58 
51 
13 .36 
12 . 10 
15.95 
16.20 
11.85 
11.43 
11.41 
9 . 34 
12.59 
12.51 
11.43 
10 . 95 
10 .81 
11.42 
11. 71 
9.52 
9.89 
9.89 
9 . 61 
10.48 
10.61 
9.85 
10.93 
11.97 
10.10 
10.25 
10.25 
12.80 
13 .10 
12.20 
10.80 
14.10 
11.70 
10.50 
9 .99 
9 . 14 
Ij~i6 
11. 37 
11. 83 
11.90 
10.89 
12.10 
11.42 
8.39 
10.52 
10.93 
10.84 
9.90 
8.89 
8.53 
4.38 
4 .66 
4.70 
3~5i 
3.75 
3.40 
4.95 
3.45 
3.86 
4.95 
3 . 65 
4.40 
4.69 
4.15 
4 . 53 
4.85 
4.54 
4 .07 
4.35 
4.35 
4.66 
4.39 
4.42 
4.50 
4.29 
4.37 
5.10 
4.73 
4~96 
5.20 
3~4ii 
3 . 15 
3.55 
4.15 
3 . 85 
3.71 
5.00 
3.75 
4.25 
4.95 
4.05 
4.39 
4.57 
4.20 
4.50 
4.41 
2.86 
3.12 
3.20 
3.30 
2 .90 
2.97 
3.49 
2.58 
2.98 
2.92 
3.06 
2.88 
2.48 
3.53 
2.92 
3.65 
4.28 
4 .28 
4.01 
4.39 
3.49 
3.67 
3.31 
3.02 
2.72 
2.27 
3.20 
2.98 
3.04 
3.20 
3 . 10 
2.96 
3 .00 
3.06 
3.10 
3.27 
2.60 
2.91 
4.32 
2.84 
2.88 
3.17 
2.88 
2.84 
3 . 86 
3.78 
3.67 
4.03 
3.60 
2.85 
Nou-Erythrocytes and leucocytes are expressed according to number per cu. mm. of blood 
The bst three places are omitted from the erythrocyte column. 
is about 40 per cent (Turner and Herman, 1932). In the case of 
No. 655E at least, an infiltration of fluids into the bloodstream 
would seem plausible. With the exception of supplemented milk 
calf No. 679E, all of the calves 1ll this group suffered a physical 
breakdown and were prostrate from two to 1'0 days before death. 
With a: retardation and general cessation of all physiological 
processes it does not appear unusual that the hemoglobin values 
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immediately prior to death should be slightly lower than those 
taken two to 10 days earlier. The addition of 15 mg. iron, 1.5 mg. 
copper and 1.5 mg. manganese per liter of milk fed to this group of 
calves apparently was effective in preventing anemia which, it is 
observed, appeared at six to eight months of age in the sole-milk 
group. 
GMS 
IA t\ '\ A 
GMS 
I 
9 . V W \, rN 1\1 \ ~ ~ 
7~~~+-~:~+-+4,+~~~~~~\~.~~ 
5 ~o;--~-+--+--r~--~-+~,~,r+--r--r~--+-~ Mll~ ON.Y '--.. .J) 637' \ 
* .... 1£ STRAw. fECES. H.A.lR AND DlkT~:Y--:!:l,---:M~ll:::.(=..:t ONC'i'--+---''::--'';::~ 
MOS.o 2 4 6 8 10 12 14 0 2 4 6 8 10 12 ~ 
AGE 
Fig. S.-Hemoglobin .studies of calves in sole-milk and supplemented-milk 
groups. 
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TABLE 14.-BLOOD PICTURE OF CALVES ON SOLE MILK DIET 
I Hemo-I Cell Count I Hem.ato-I Ca I p I Mg Calf Date Age globin cnt ---------
No. days gm. Erythro-! Leueo- % cell. 
cytes cytes Mg. per 100 ce. 
6l7E 10-29-34 35 11. 23 7,738 5,227 48 13 .10 4.74 2.96 
12- 4-34 71 12.06 7,742 5,790 56 12.60 5.21 3.16 
12-11-34 79 9.28 8,026 8,460 
33 
13.34 
1- 7-35 106 11.23 7,640 6,570 14.65 4 .90 3.26 
1-26-35 126 9.84 9,149 6,495 13.20 3.00 
2- 4-35 135 9.14 7,924 6,630 13.20 4.56 2.96 
2-20-35 151 9.62 10,588 
'7;536 35 I~ir 4.30 3.10 2-22-35 153 9.09 8,902 3.95 3.24 
3- 4-35 162 10.56 9,328 7,680 36 11. 25 4.40 3.02 
3-14-35 172 11.95 9,776 10,320 42 11.47 4 .55 2.70 
4- 1-35 189 11.54 
10:268 
10,440 53 9.34 5.45 2.41 
4-11-35 199 8.34 8,025 34 11.90 7.00 2 . 34 
4-23-35 211 8.25 652 
9:636 33 i~66 5-13-35 231 7.24 8,604 9.40 5 . 60 
5-30-35 248 6.22 6,700 27 10.50 4.10 3 .02 
6-10-35 259 6.00 6,384 
5:466 
26 10 .53 3.85 3.20 
6-20-35 269 5.48 4.904 28 9.18 3.85 4 .25 
6-30-35 279 6.21 5,016 6,990 38 14.16 4.25 3.53 
7-10-35 289 5.00 3:6ii 7,700 28 11.29 4.90 3.02 7-31-35 310 4.96 12,540 25 11 .57 5.00 3 . 10 
8- 9-35 319 5.67 4,720 4.140 29 9 .44 4.20 2 . 81 
8-18-35 ·327 6.04 6,356 3,975 45 8.16 4.09 3.00 
9-10-35 349 5.43 5,188 9,600 34 11.47 4.53 4.21 
9-20-35 359 5.08 5,672 9,575 24 11.12 5.20 3.64 
10- 4-35 373 3.67 3,056 
8:i66 
25 10.16 4.80 3 .60 
10- 9-35 379 3.12 3,112 28 11. 52 4.75 3.60 
10-20-35 390 Died 
637E 11- 2-34 12 11.90 9,701 8,917 32 5.16 2.96 
12- 4-34 44 12.70 8,976 7,650 39 5.28 3~i3 12-11-34 51 10.76 
8:664 '7:987 10 . 12 4.76 1- 7-35 78 12 . 50 37 11.06 4.60 3.10 
1-26-35 97 10.68 9,600 9,070 12.10 3~66 2- 4-35 106 9.76 7,960 6,752 32 13.50 4.46 
2-14-35 116 10 .87 8,176 7,812 
2-20-35 122 9.95 8,360 6,960 i6~66 2-22-35 124 9.50 7,880 5,925 35 4.40 3 . 12 
3- 4-35 136 8.75 5,072 5,895 37 11 .30 3.90 3.28 
3-14-35 146 8.92 8,736 6,990 35 10.25 4.40 3 . 78 
3-30-35 162 9.60 8,100 6,480 30 8 . 67 4.25 2 . 34 
4- 5-35 168 9.80 8,970 7,647 39 11.11 4.45 2 .41 
4-1I-35 174 9.30 6,780 8,590 47 11.90 5.50 2.23 
4-23-35 186 8.70 7,643 6,645 43 10.38 3.35 3 .92 
4-29-35 192 8.90 7,492 11,100 49 10 . 82 4.85 3 . 71 
5-13-35 206 8.00 6,768 9,000 48 8.83 6.20 3 . 25 
5-30-35 223 7.90 7,750 8.800 31 11. 25 4.35 3 .02 
6-10-35 234 7.60 6.300 7.775 43 10.71 4.30 3. 53 
6-20-35 244 8.10 7.890 8,900 49 11.74 4.35 4.75 
6-30-35 254 7.30 5,016 7.350 46 11.47 4.35 3.60 
7-10-35 264 6.90 6,030 7,660 46 10.66 5.05 3.24 
7-31-35 285 6.20 7,420 8,640 41 10.93 4.20 3.35 
8- 9-35 294 5.90 6,718 11,325 50 11.06 3 . 50 3.02 
8-18-35 303 4.70 5,364 14,430 53 10.98 4.57 3.02 
8-26-35 311 4.20 6,100 12,360 33 9.46 4.30 2.74 
9- 1-35 317 3 . 60 5.600 10,300 
9- 7-35 323 Died 
670E 11- 2-34 18 i2~ij3 7,973 7,425 48 i2~46 3 ~28 12- 4-34 50 9,295 7,200 5.43 
12-11-34 57 10.13 
8:664 7:845 
13.60 nO 3.34 1- 7-35 84 12.49 38 10.90 3. 26 
1-26-35 103 10.01 9,320 9,450 12.05 4~96 2.96 2- 4-35 112 9 . 15 
10:420 
8,760 30 14.40 3.10 
2-20-35 128 9.71 8,280 38 i6~65 5~36 2-22-35 130 8 .67 8.208 7,940 3.20 
3- 4-35 142 9.79 6,050 8,640 36 8.30 3.60 3.48 
3-14-35 152 7.58 8,720 9,235 39 12.74 4.66 3.96 
4- 1-35 170 9.79 8,676 9,570 37 12.64 4.25 2.73 
4-11-35 180 8.50 10,184 7,005 37 12.13 5.15 2.41 
4-23-35 192 9.52 9,096 8,010 36 11.27 4.65 2.59 
5-13-35 212 9.02 10,156 9,442 42 8.73 6.00 3.24 
5-30-35 229 9.56 10,836 6,885 41 10.05 4 .60 2.99 
6-10-35 240 8.79 10,396 5,165 52 10.30 5.30 3 .33 
6-20-35 250 8.66 10,260 6,865 42 11.60 4.40 4.70 
6-30-35 260 7.56 9,828 8,295 41 11.69 4.55 3.53 
7-10-35 270 6.89 10,844 7,770 39 11.65 4.95 3.49 
7-31-35 291 6.64 8,880 8,475 35 12.49 4.15 3.28 
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TABLE l4.-CONTINUED 
I I 
I Hemo-I Cell Count I Hem.ato-I Ca I p I Mg Calf Date Age globin ---- ent ---------
No. days gm. Erythro-I Leuco- % cells 
cytes cytes Mg. per 100 cc. 
8- 9-35 300 7.82 9,868 9,915 40 10.53 4.50 3.31 
8-18-35 309 7.84 9,140 8,760 48 10.57 4.60 3.25 
8-26-35 317 8.73 7,824 11,760 41 10.66 4.40 4.21 
9-10-35 332 8.17 9,434 13,260 48 12 .06 5.25 4.90 
9-20-35 342 5,448 11,895 40 10.20 5.40 3.71 
10- 4-35 356 7.15 8,616 10,200 46 10 .97 4.89 3.96 10- 9-35 361 9.47 7,592 13,755 11. 70 4.83 3.60 
10-22-35 374 9.27 7,713 22,185 59 11. 78 4 . 62 3.96 
11- 7-35 390 8.25 6,072 15,030 54 11.11 4.77 3.71 
11-19-35 402 8.17 7,096 11,985 48 10.34 4.52 3.71 
12- 2-35 415 9.86 8,092 12,300 48 10.75 3.92 3.83 
12-10-35 423 8.74 9,284 19,140 51 9 .93 4 . 37 3.51 
1- 7-36 451 8.96 9;540 18,570 52 11.17 4.52 3.60 1- 8-36 452 8.98 27;516 59 10.85 4.77 3.96 1-27-36 470 6.63 9,512 39 10.90 3.42 3 . 39 
2-13-36 487 6.10 6,575 16,010 35 9.70 3.90 3.65 
3-10-36 513 5.62 5,635 29,010 37 10.71 3.34 3.27 
3-23-36 526 4.70 4,708 24,360 33 9.86 3.67 3.63 
3-27-36 530 Died 
Nott"-Erythrocytes and leucocytes are expressed according to number per cu. rom. of blood 
The la.st three places are omitted from the erythrocyte column. 
The hemoglobin values for the sole-milk group 'are shown in 
Table 14, and the values throughout the course of growth are 
plotted for each calf in Fig. 8. It is noted that sole-milk calves 
No. 617E and 637E showed progressively lowered hemoglobin 
values after four to six months on the exclusive milk diet. Both 
calves were quite anemic at death, with hemoglobin values of 3.12 
grams and 3.60 grams per 100 cc. of blood, respectively. Calf No. 
670E showed lowered hemoglobin values at five mbnths of age. 
These continued low for many months, but the calf did not show 
a further lowering and progressive physical breakdown as did 
Calves No. 617E and 637E. It finally developed that No. 670E was 
ingesting bits of straw, shavings, hair aand dirt through the air 
holes in her muzzle, and also during the metabolism trials. A 
special muzzle was provided and all the bedding was removed 
from her stall and in two months the blood hemoglobin dropped to 
6 grams per 100 cc. This calf was the most rugged and hearty 
individual in the lot and showed considerable ability to withstand 
the deficiencies of an exclusive milk diet. She died at 518 days 
of age with a hen~oglobin value of 4.7 grarns. 
(b) Cell counts.-Both erythrocyte and leucocyte counts were 
made by means of a haemocytometer with the improved Neubauer 
Ruling. These data are presented in Tables 12, 13 and 14. The 
individual values for the sole-milk and the supplemented-milk 
groups have been plotted and are shown in Fig. 9. 
The control calves, it will be observed from Table 12, range 
from 7 to 10 million erythrocytes and from 7 to 10 thousand 
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Fig. 9.-Erythrocyte and leucocyte determinatiO'ns on sole-milk and 
supplemented-milk calves. 
leucocytes per cubic millimeter of blood. These values are normal 
and agree with those reported by Herman and Turner (1934). 
These workers found dairy cattle under two years of age to average 
8,278,000 erythrocytes and 9,354 leucocytes per cubic millimeter of 
blood. • 
The supplemented-milk groups, Table 13 and Fig. 8, show normal 
erythrocyte and leucocyte values throughout the course of the 
experiment. Shortly before death a decided leucocytosis was 
observed. This condition may be accounted for by the physical 
breakdown due to unknown dietary deficiencies. 
RESEARCH BULLETIN 245 61 
The sole-milk group showed normal erythrocyte and leucocyte 
counts from birth to six months of age (Table 14 and Fig. 9). At 
six months, calves No. 617E and 637E show a diminution in 
erythrocytes and a continued lowering until death. Calf No. 670E, 
as mentioned before, lived considerably longer, but also showed a 
reduced erythrocyte number with the onset of anemia. ·Calves in 
this group showed pronounced leucocytosis with the development 
of anemia. All calves in the sole-milk group were pale around the 
muzzle and eyes. 
(c) Histological examination ot cells.-Blood smears for pur-
poses of studying the condition of the erythrocytes, were prepared. 
The slides were fixed with mercuric chloride and stained with eosin 
methylene blue. Photomicrographs were made of typical smears 
from each group (Figs. 10, 11 and 12). 
Fig. 10 shows a blood smear from one of the control calves 
(No. 719). It is observed that the erythrocytes are regular in shape 
and no cellular debris is present. 
Fig. 11 shows a blood smear from calf No. 679E, a member 
of the supplemented-milk group. The erythrocytes are regular in 
shape and compare favorably with those from the control. This 
situation offers further proof that the iron, copper and manganese 
supplements were effective in preventing anemia. 
Fig. 1'2 shows a blood smear from calf No. 617E of the sole-
milk group. The calf was quite anemic when this smear was made. 
The erythrocytes are shrunken and "sickle cells," said by Olser 
(1930) to often be associated with defects of the spleen and blood 
forming organs are observed. 
(d) H ematocrit.-Hematocrit values for the three groups of 
calves ar~ given in Tables 12, 13 and 14. Determinations were made 
according to the technique described by Turner and Herman (1931). 
The control calves (Table 12), while showing considerable 
individu~l variation in cell volume, were normal. The avera'ge 
blood cell volume for calves this age was found by Turner and 
Herman to be about 40 per cent. 
The supplemented-milk group (Table 13) show cell volumes 
normal to above normal throughout the course of the experiment. 
Considerable variation in hematocrit values was observed, which can 
perhaps be accounted for by the irregular feeding habits and erratic 
intake of water by this group. 
The sole-milk group show approximately normal hematocrit 
values until the onset of anemia, when the cell volume is reduced. 
This observation is particularly applicable to calf No. 617E, whose 
blood contained only 25 per cent cells the last month of her life. 
All of this group were very dyspneic. 
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;Fig. 10~Photomicro'graph of a blood 
smear from a normal calf (No. 719) show-
ing usual ap·pearance of red cells in a 
bealthy animal. (xGOO) 
Fig. ll-PhotolllicrogMpb of a blood 
smear from calf No. 6T9E, fed wholemilk 
supplemeuted with iron, copper and cod 
lh'er oil. (x600) 
Fig. 12.-Pbotomicrograpb of a blood 
sme;lr from calf No. 617E, fed a sole milk 
diet. (x6oo) 
(e) CalciU1n.-Calcium determinations were made by the Clark-
Collip modification of the Kramer-Tisdall method described by 
Hawk and Bergeim (1931), The results are presented in Tables 
12, 13 and 14 and Fig. 13. It is noted that the calcium values range 
from 9 to 11 mg. per 100 cc. of serum for all calves. These values 
are generally accepted as normal for the bovine. The supplemented-
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milk group was supplied cod liver oil, but the sole-milk group was 
entirely dependent upon the milk fed and solar radiation as a source 
of vitamin D. None of the calves showed evidence of rickets, or 
a:bnormalities such as stiffness of the legs as have been observed by 
Davenport (1897), McCandlish (1918), Fitch, et al. (1'923) and 
others. It may be concluded from these data that the sole-milk 
diet provided sufficient calcium for normal growth. The vitamin 
D content of the milk, plus the exposure to sunlight afforded these 
calves, was evidently sufficient to permit normal calcium metab-
olism and maintain normal blood calcium levels. 
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Fig. 13.-Calcium, phosphoru's and magnesium content of blood serum 01. 
sole-milk and s.upplemented-milk calves. 
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(f) Phosphorus.-Inorganic phosphorus determinations were 
made on the blood serum using the method of Youngburg described 
by Hawk and Bergeim (1931). 
The results are shown in Tables 12, 13 and 14, and Fig. 13. 
The a:verage inorganic phosphorus per 100 cc. of serum was between 
4.0 and 6.4 mg. These averages are slightly lower than those 
reported by other laboratories using other methods of determina-
tions. Inasmuch as comparable values were obtained for the con-
trols, the sole-milk and the supplemented-milk group, it may be 
concluded that a phosphorus deficiency was not in evidence as 
indicated by the phosphorus content of the blood serum. The 
blood phosphorus values decreased slightly with age, as has been 
observed by many workers in this field. As shown in Table Sa, 
the average daily phosphorus intake of the milk-fed calves ap-
proached the lower limits of phosphorus requirements for growing 
cattle as set forth by Henderson (1930) and Huffman (1934). The 
vitamin D content of the milk, plus solar radiation, apparently 
explains the failure of rickets and a: lowered blood phosphorus to 
occur in the sole-milk group. 
(g-) Magnesium.-Blood serum magnesium was determined by 
removing the calcium, as oxalate, and precipating the magnesium as 
magnesium ammonium phosphate, according to the method of 
Denis, described by Ha:wk and Bergeim (1931). 
The values obtained for the three groups of calves are given 
in Tables 12, 13 and 14, and Fig. 13. The average magnesium 
content of the b100d serum of all groups ranges from 2.25 to 4.0 
mg. per 100 cc. and is normal, according to Huffma:n (1934). The 
average daily ma:gnesium intake per thousand pounds liveweight 
is shown in Table Sa. 
Huffman (1935) reports magnesium tetany in ca.Jves fed milk 
exclusively, on exclusive milk diets supplemented with cod liver 
oil, or on exclusive milk diets supplemented with cod liver oil, 
iron, copper, manganese and in some cases yeast. Huffman believes 
the magnesium intake on a milk diet is inadequate for growth and 
tha:t tetany results because of the failure of magnesium metabolism, 
which prevents the animal from utilizing the available magnesium. 
Calves dying in tetany were observed to have serum magnesium 
values of 1'.2 to 1.6 mg. per 100 cc. Later work by Huffman (1935) 
shows magnesium to have a: vitamin D sparing action and promot-
ing calcification in the presence of extremely small amounts of 
vitamin D. 
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Only two of the calves on this experiment, No. 679E of the 
supplemented-milk group, and No. 617E of the sole-milk group, 
are known to have died in convulsions. The serum magnesium 
was 3.2 mg. seven days before death in the case of No. 679E and 
3.6 mg. 11 days before death for No. 617E. All previous samples 
on these two calves also show normal values. No progressive low-
ering of the serum magnesium values was observed for other 
calves on similar rations before death as reported by Huffman w'ith 
calves on similar rations. App'arently the conditions under which 
the milk-fed groups were handled, particularly exposure to as much 
sunlight as possible, differs from Huffman's procedure. The only 
conclusion warranted by these experiments is that under the condi-
tions the calves were handled and the rations fed, there was no 
evidence of sub-normal serum magnesium, and tetany did not 
develop. 
II. Post-mortem Picture of Dairy Calves Grown on a Sole-Milk 
Diet and on a Milk Diet Supplemented with Cod 
Liver Oil, Iron, Copper and Manganese 
Gross Anatomy.-Post-mortem examinations were made on all 
calves in the milk-fed groups. These observations are presented 
111 Tables 15 and 16. The internal organs were weighed and the 
TABLE IS.-POST-MoRTEM OBSERVATIONS ON SOLE-MILK CALVES 
Age at death ___________________ _ 
Physical condition ______________ _ 
Probable cau.e of death ___ __ ____ _ 
Autop.y Report: Rumen ________ • _______ . _. _. __ 
Reticulum ___________________ _ 
Omasum ______ ._. ___ ._. ___ • __ 
Abomasum ___________________ _ 
Intestine. __ ______ ____ __ ___ ___ _ 
Heart. __________ ____ ____ ___ _ _ 
ti:e~~-_-_-_-:'~~~ ~~ ~~ ~ ~ ~~~::::~:: ~ 
Gall bladder contents ____ ___ __ _ Spleen _______________________ _ 
Kidney. _____________________ _ 
Adrenals _____________________ _ 
Thymu. _____________________ _ 
Thyroid _____________________ _ 
Ovaries ______________________ _ 
Bones _______ _________ _____ __ _ 
Calf No. 617E 
391 day. 
Emaciated, anemic 
Convulsions, anemia 
SmilJl, atonic 
Normal 
Laminae 5 mall, ulcerous 
Catarrhal 
Normal 
Muscular degeneration 
Hemorrhagic 
Pale yellow 
Thick brownish 
Shrunken, flaccid 
Hemorrhagic 
Normal 
Enlarged, hemorrhagic 
Normal 
Normal 
No rmal 
Calf No. 637E 
323 days 
Emaciated, <1nemic 
Food in larynx, anemia 
Small, atonic 
Normal 
Laminae small 
Catarrhal 
Normal 
Soft, muscular degenera-
tion 
Hemorrhagic 
Pale yellow 
Thick brownish 
Enlarged, caps ule thick-
ened 
Hemorrhagic 
Normal 
Hemorrhagic 
Normal 
Normal 
Wall. thin 
Calf No. 670E 
528 days 
Well fleshed, anemic 
Anemia 
Small, atonic 
Normal 
Laminae small 
Catarrhal (healed lelion.) 
Normal 
Muscular degeneration 
Hemorrhagic 
Pale yellow 
Thick brownish 
Flaccid, shrunken 
Hemorrhagic 
Normal 
Small 
Normal 
Normal 
Walls thin 
percentage of body weight represented by each determined. These 
data are presented in Table 17_ 
A detailed discussion concerning the growth and condition of 
each animal immediately prior to death is found in the appendix. 
An underdevelopment of the rumen, omasum, and to some ex-
tent of the reticulum, was characteristic of the milk-fed calves. The 
TABLE 16.-POST- MoRTEM OBSERVATIONS ON SU PPLEMENTED-MILK CAlVES 
Calf No. 655E Calf No. 661E Calf No. 664E Calf No. 679E 
Age at death ________________ _ 
Physical Condition __________ _ 
Probable cause of death ______ _ 
333 days 373 days 340 days 404 days 
Thin Fair Fair Good 
Dietary deficiency Killed (helpless) Dietary deficiency Convulsions, dietary de-
ficiency 
Autopsy report: Rumen ___________________ _ 
Reticulum ________________ _ 
Smal1, atonic, hemor-
Small, atonic Small, atonic rhaglc Small, atonic 
Normal Normal Normal Normal 
Omasuffi _________________ _ Laminae small Laminae small Laminae small Laminae small Abomasum _______________ _ Ulcerous Ulcerous Edematous, healed le- Endematous, hemor-
I ntestines ____ ____ _______ _ _ siens rhagic Normal Normal Normal Normal 
Heart ___________________ _ _ 
Lung"- ___________________ _ 
Liver ____________________ _ 
Gall bladder contents _____ _ 
Muscle degeneration Pericardial hemorrhage Muscular degeneration Hemorrhagic 
Adhered to diaphragm Pleurisy Normal Normal 
Dark red, adhered to dia-
Dark red, normal Dark red, normal phragm Dark red, normal 
Normal Normal Normal Normal Spleen ___________________ _ 
Kidneys __________________ _ 
Adrenals ____ __ ___________ _ 
Thymus __________________ _ 
Thyroid ___________ ___ ___ _ _ 
Ovaries ___ ____________ ___ _ 
Normal appearance, ad-
Normal 
Infiltration and enlarge-
Normal hered to diaphragm ment 
Hemorrhagic Normal Adhered to capsule Normal 
Normal Normal Normal Normal 
Normal size, hemorrhagic Very large, hemorrhagic Slightly enlarged hemor- Greatly enlarged, hemor-
rhagic rhagic 
Normal Normal Normal Slightly large 
Normal Normal Normal Normal Bones ________ ____________ _ Normal Normal Normal Normal 
Calf No. 699E 
388 days 
Fair 
Dietary deficiency 
S mall, a tonic 
Normal 
Laminae small 
Gastritis, ulcer in duode-
nal valve 
Normal 
Muscular degeneration 
Hemorrhagic 
Dark red, normal 
Normal 
Normal 
Hemorrhagic 
Normal 
Normal 
Normal 
Normal 
Normal 
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TABLE 17 -WEIGHT OF INTERNAL ORGANS 
Age 
Condition 
Body Organs 
Calf at Weight Weight (1J3ounds) 
No. Death at Death at Death Percentage of ody Weight 
mo. lb. 
Heart Liver Spleen Kidneys Thymus Thyroid 
617E ________ 3 Emaciated ____ 446 2.80 6.3 1.0 2.70 0 .90 0.10 
0.625 0 .022 1.412 0 .224 0.608 0.202 
637E ________ 9 Emaciated ____ 402 3.40 4.9 1.5 1.69 0.56 0.04 
0 .846 1. 219 0.373 0.420 0.139 0 .00995 
670L ______ 17 Fat ______ ____ 730 4 .50 11.5 1.2 2.30 0.50 0.20 
0.616 1. 575 0.164 0 .3 15 0.068 0.027 
655R-_______ 11 Emaciated ____ 512 2.85 10.0 1.0 2.20 0 .30 0.04 
0.557 1.953 0.195 0.430 0 .058 0 .0078 
661R-______ - 12 Fair __________ 615 3.60 11.4 1. 75 2.30 0.7l 0.08 
0 .585 1.854 0 . 285 0 .3 74 0.115 0.013 
664K _______ 11 Fair __________ 598 4.10 11. 7 1.4 2.30 0.70 0.0496 
0.688 1.956 0.234 0.384 0.117 0 .0083 
679E _____ __ _ 13 Good _________ 626 3.30 8.4 1.3 2.60 1.00 0.057 
0.527 1.342 0.208 0.415 0.160 0.0091 
699E ________ 12 Fair __________ 549 3.40 7.0 1.10 2.40 0.60 0.09 
0.619 1.275 0.200 0.437 0.109 0.016 
No/,-Calves 617E, 637E and 670E were fed milk only. Calves 655E, 661E, 664E, 679E and 699E were fed 
whole milk supplemented with 15 mg, Fe, 1.5 mg, Cu, and 1.5 mg. Mn per liter, Cod liver oil was also fed. 
abomasum was the only "stomach" of the four showing desirable 
development and tone. On a mftlk diet this organ is the only one 
actively functioning. Undigested milk was usually found in the 
rumen. This milk had probably "spilled over" as is usually the 
case during the process of bucket feeding. 
The ulcers found in the mucosa of the digestive tract, the 
abomasum in particular, are no doubt the result of dietary deficiency. 
Ulcers were common to both the sole-milk and the supplemented-
milk groups. Similar conditions have been reported by Cave (1934). 
Degeneration of the heart muscles, hemorrhagic conditions of 
the kidneys, and in some cases hemorrhages of the liver, were com-
mon observations in the sole milk groups and to a lesser extent in 
the supplemented-milk group. A lack of color in the liver, spleen 
and muscle tissue was characteristic of the anemic, sole-milk diet 
calves. 
The hypertrophy of the thymus gland is of interest, but unex-
plainable in view of the lack of knowledge concerning this organ. 
That the thymus, perhaps, plays a part in growth, and undergoes 
involution at the onset of puberty, is a general belief of physiol-
ogists. However, the proof that the thymus is an organ of internal 
secretion remains to be established, according to Howell (1931). 
The heifers on this experiment had all been observed in oestrus 
and some involution of the gland could perhaps be expected. The 
histological studies presented later do not verify this. 
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Figs. 14 and In.-Characteristic omasum from milk-fed calves. Note the lack 
of development in tile walls of this org,an llnd the small laminae. 
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Fig. 16.-Abomasum from calf No. 617E, showing catal'rhal 
condition of mucous membranes. 
Fig. 17.-Abom<l'sum from calf No. 655E, showing ulcers. A 
typical finding in most of tile milk-fed ~alves . 
69 
In connection with the vitamin E controversy, it is of interest 
to note that all the milk-fed heifers possessed functional ovaries, 
all showing evidence of ovulation. 
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Fig. IS.-Enlarged view of abomasal ulcers. 
Fig. 19.-Liver and gall blander typkal of sole-milk diet calves. Note the 
hemorrhagic area . From calf No. 617E, anemic at death. 
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J)'lg. ~O.-Sj)leen , typical of sole-mill, diet calves. FrO'm calf No. r,l,R 
Note tile shrunken, flaceill appearance. 'rllis calf was anemic at de,ltll. 
l~ig. 21.-Heurt, typical of milk-fed calves'. Note hemorrhagic 
areas on exteriar surface. The darkened areas, A and B. in the 
dissected portion, show marked muscular degeneration. 
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Fig. 22.-Ki<:lneys, typical of all milk·fed calves. Note< the hemorrhagic 
areas. 
Fig. 23.-0varies, showing follicles, from calf No. 670E on sole-milk diet. 
ThE' ovaries of all milk-fed calves were normal and show,"<1 iollicnlar lh'vel-
opment. 
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!;1"ig. 24.- r.rhym·u,g glaIld from 
culf No. 064]). Note enlarge-
ment of the extra thoracic por-
tion. '£his finding was typical 
in the milk-fed calves. 
Fig. 25.-Thyroid gland from 
calf NO". 679E. Slightly enlarged 
but normul in appearance. 
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Fig. :!6.-E-nlarged thymus gland from calf No. 6TDE. Note 
the hemorrhagic areas. Weight one pO'und. 
Skeleton.-The skeletal development of the milk-fed calves 
was apparently normal. No evidence of rickets was noted in the 
blood picture (Tables 12, 13 and 14). The calves showed no stiff-
ness of gait, buckling of the knees, or ahnorma:l pasterns. There 
were slight enlargements of the knee and hock joints of the sole-
milk calves, but X-ray pictures of the femur, humerus or meta-
carpal bones showed no lack of calcification. Sections of these 
bones from the sole-milk group showed no evidence of osteoporosis, 
and the trabeculation was sa:tisfactory, though not quite as good 
as that of the supplemented-milk calves. 
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]'ig. 27.-X-ray picture of carpus and adjacent bones of milk-fed calves. 
(Upper) No. 617E, sole-mil'k diet 
(Mid,dle.) No. 670E, sole-milk diet 
(Lowel') No. 664E, supplemented-milk diet (cod liver oil) 
75 
Fig. 27 shows X-ray pictures of the carpus and adjacent 
bones of calves from the sole-milk group compared to those of a 
calf from the supplemented-milk group. It is noted that the radius 
and metacarpus are wel1 calcified. Fig. 28 shows an X-ray picture 
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Fig. 2S.-X·ray picture's of hUlllel'llS and femur from calf No. 637E, find 
femur from calf No. 655E. 
of the femur and humerus of sole-milk calf No. 637E as compared 
to the femur of calf No. 655E of the supplemented-milk group. 
These bones are also well calcified. 
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Fig. 29.-Femurs, showing structure and density of bones 
fro'll milk·feu calves. 
A. No. 670E, sole-milk diet 
B. NO'. 6l7B, sale· milk diet 
C. No. 679E, supplemented-milk diet 
D. No. 601E, supplemented-milk diet 
Fig. 29 shows the comparison between the structure, density 
and trabeculation of the femur bones of sole-milk calves No. 679E 
and 661E. These sections are of the freshly cut bone. None of these 
bones are rachitic, but those of the supplemented-milk calves show 
better trabeculation. 
78 MISSOURI AGRICULTURAL EXPERLMENT STATION 
No. 6,OE, sole-milk diet 
No. 655E, supplemeuted-
milk diet 
No. 661E, supplemented-
lllilk di'elt 
No_ 664E, supplemented-
milk diet. 
No. 6,DE, supplemented-
mill, diet 
No. 69()E, supplementoo-
milk diet 
Ii"i ll'. 30.-:\Ietacarpal bones' of milk-fed calves. Note the density and structure 
of the bones from the supplemented-mUk calves as compared to those of No. 670'E 
of the sole-milk ll'ro up. 
Fig_ 30 shows the left metacarpus bones of each of the sup-
plemented-milk calves compared to those of No_ 670E, on sole-
milk diet. The metacarpus bones of the supplemented-milk calves 
are slightly thicker-walled and show slightly better trabeculation 
than the metacarpus of No. 670E. 
It is concluded that the solar radiation provided the sole-
milk group, in addition to the vitamin D supplied by the milk, 
afforded adequate protection against rickets_ 
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Histology.-The general histology of the liver, spleen, kidney, 
pancreas, adrenal, thymus and thyroid of the milk-fed calves was 
studied. 
Tissues from a normal calf (No. 706, Holstein heifer, age 16 
months) were obtained for comparison with the milk-fed groups. 
Microphotographs were made of representative sections for each 
group of calves. These are shown in Figs. 31 to 37, inclusive. 
In general, deficiencies of the sole-milk or the supplemented-
milk diet used made few histologically discernible changes in the 
organs studied. As previously mentioned, hemorrhages were com-
mon, but there was no marked tissue degeneration or presence of 
fibrotic areas. 
Fig. 31 shows sections of the liver. The lobules were well 
formed; the hepatic cells were nucleated; and there was no indica-
tion of fatty infiltration. 
Fig. 32 shows sections of the spleen. The capsule, in the case 
of the sole-milk calves, was distinct but shrunken, and its connec-
tive tissue was densely packed. The amount of lymphatic tissue 
was somewhat less than the normal. The red pulp showed the 
presence of irregularly shaped erythrocytes, sinuses containing 
erythrocytes, and numerous lymphocytes. In the supplemented-
milk group, numerous erythrocytes, reticular cells, and smalllym-
phocytes were present. 
The kidney sections, presented in Fig. 33, were normal so far 
as observed in all respects. 
The histological picture of the pancreas gland was apparently 
normal and characterized by well formed acinar cells (Fig. 34). 
Sections of the adrenal gland are shown in Fig. 35. The usual 
cortical layers, zona glomerulosa, zona fasciculata and zona re'tic-
ularis, were normal and showed typical cells for each layer. 
The thymus gland sections are shown in Fig. 36. A lack of 
knowledge concerning the amount of involution and changes with 
age in cattle renders interpretation difficult. The lobules of the 
gland were well defined for all calves and a high power examination 
shows the medulla to have considerable mesenchyme, nucleated 
erythrocytes, and numerous lymphocytes. 
The thyroid sections are shown in Fig. 37. Gland follicles, 
showing well formed lumen, were observed in all calves. The 
normal calf showed less connective tissue and more numerous 
follicle cells, each characterized by a well filled lumen. It would 
appear that the normal (No. 706) had a more active thyroid than 
the milk-fed calves. 
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Normal (No. 706) X60 Sole'-milk (Na. 670E) xeo 
Supplemented-milk (No. 699E) X60 Supplemented-mill, (No. G99E) X600 
Fig. 31.-Photomicrographs shawing liver of normal and milk-fed calves. Low 
power views (706, 670m, 699E) show lobular strncture; high-pawer (699E) normal 
hepatic cells. 
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Normal (No. T06) X()O. Showing capsule. 
SUP9lemented-milk (No. 69!fE) X6() 
Sole-mill< (No. 637E) xeo 
Supplemented-milk (No. 6!l!)E) X600_ 
Showing red pulp 
Fig. 32.-Photomicl'ographs showing spleen of normal and mlik-fed calves. Low-
power view shows the usual pictnre perpendicular to serc>us s·u,rface; XflOO shows 
normal re,d pulp with reticular cells. 
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NOTmal (:No. 706) X60 Supplemented-milk (No. G99TIJ1) X60. 
Sole-milk (No. 617E) X60. Suplemented-milk (No. 6WE) X600. 
·Fig. 3;~.-PllotoJUicro·graphs sllowing section in long axis of renal lohule. Low-
power 't'iews show the usual cortieal structure; enlargement sho,,'s n proxilU!ll con-
voluted tubule arising from the (>apsule of Bowman. 
RESEARCH · BULLETIN 245 83 
Normal (NO'. 706). X60. S'u'pplemcnted-milk (No. 664]]) XHO. 
Sol€l-mHk (No. 617]]) X60. Sole-milk (No_ 617E) X600. 
Fig. ::.l4.-Photonlicrographs showing sect~on of p,ancreas. Lo'\v-po\ver vi'el\~ts show 
lollules, ducts, anf! islands of Lnngerlans; high-power view shows pa ncreatic aeini 
of sole-milk calf No. 617]], 
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Normal (No. TOO) XOO Supplemented-milk (No. 661l~) XOO. 
Sole· milk (No. 6TOID) XOO. Supplemented-milk (No. 661E.) X600 
Fig. 35.-Photomicrogr,aplls showing adrenal of normal and milk·fed 
calves. Low-power views show the ll'Sllal capsule, glomerulO'sa, fasciculata, 
reticularis, and slight portion of the medullary area; high-power view from 
zona fasciculata shows normal cell structure. 
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Normal (No. 706) X60. Supplemented-milk (No. 679E) X60. 
Sole-milk (No. 670B) X60. Sole-milk (NO'. 670) X600. 
Fig. 36.-PhO'tomicrograph of cross section of thymus gland. Low·power views 
show the usual histological picture; enlarged view (X600) shows the mesenchyme, 
nucleated erythrocytes, and lymphocytes of the med·una. 
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Normal (No. 708) XOO. Sole· milk (No. 817E) X(lO. 
Supplemented-milk (No. (l79E) X60. Sol~-mi1k (No. 817E) X600 
Fig. S7.-Photomicrographs sho\ving crass section of thyroid of normal and 
milk-fed calves. 
The low-power views show the characteristic parenchyma and follicles. 
The section of No. 817E (X600) shows follicular cells and pO'rtions of a lumen 
filled with "colloid." 
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Iron, Copper and Manganese Storage.-The iron, copper and 
manganese content of tissues from the liver, spleen, kidney and 
muscle of the milk-fed calves was determined. The results are 
presented in Table 18. 
TABLE IS.-IRON, Cu, AND MN CONTENT OF FRESH TISSUE OF MILK FED CALVES 
Per Cent Per Cent Per Cent 
Tissue Animal Fe Cu Mn 
Liver ________ _ - -- - ---- Normal 0.0081-0.0085 0.0021 (2) 0.00046 
617E* 0.0028 (I) 0.00066 0.00013 (4) 
637E* 0.0012 0.0014 0.00012 
670E* 0 . 0067 0.0001 0.00033 
655E 0 .017 0.00049 0.00078 
661E 0.0072 0.0046 
66tE 0 .016 0.0019 ----6: 6663 ------
679E (J.015 0.0085 0.00065 
699E 0.0099 0.0064 0.00049 
Spleen ________________ Norma l 0 . 0070-0.0118 (1) 0.00014 (2) 0.00072 (4) 
617E* 0.027 0.000023 0.00004 
6371':* 0.043 0.00017 0.00047 
670E * 0.011 0.000007 0.000084 
655E 0 . 200 0.000125 0 .00035 
661E 
-----
------i : i l.r ----- ---- -.---- ------ -.-------------. 664E 0.00009 0.00031 
679E 0.160 0.00169 0.00035 
699E 0.130 0.00019 0.00018 
Kidney ____ ___ - - - - - - -- Normal o .0041-0 . 0082 (1) 0.00011 (2) ---.------------
670E* 0.0038 0 .0000095 0.00018 
679E 0.024 0.0022 0.00028 
699E 0.0051 0.00024 0.00027 
Muscle _____ ." ___ - - --- No rmal 0.0161-0.00041 (1) 0.00008 (2) 0.00007 (3) 
6l7E* 0.0013 0.000012 0.00007 
637E* 0.0019 0.000046 0.00002 
670E* 0.0024 0.00000417 0.00007 
655E 0.0067 0.000038 0.00017 
661E 0.0048 
--- -6 :66664 -- --- ----6:666i------664E 0.0025 
679E 0.0052 0.00065 0.00020 
699E 0.0026 0.00016 0.00017 
*Fed a sole milk diet; other calves fed milk supplemented with Fe, Cu and Mn. 
1. From Elvehiem and Hart (1926). 
2. From Lindlow, et al. (1929) . 
3. From Skinner Ii< Petersen (1930). 
4. Results from our laboratory. 
Iron was determined according to the method outlined by 
Stugart (1931). Copper was determined by the sodium-diethyl-
dithio-carbamate method, according to Williams (1931). Man-
ganese determinations were made according to the potassium 
periodate method described by Skinner and Peterson (1930). 
The iron and copper content of the calf livers substantiate the 
work of others in demonstrating that these organs act as a store-
house for iron and copper. The livers of the calves on the sole-
milk diets were below normal in iron and copper content, while 
those of the supplemented-milk groups are considerably higher. 
The spleen of all milk-fed calves was high in iron. The iron content 
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of the spleen of the supplemented-milk calves was about ten times 
greater than that of the sole-milk groups. The liver and spleen were 
found to be richest in manganese; the supplemented-milk calves 
showing higher values throughout than the sole-milk group. 
SUMMARY AND CONCLUSIONS 
1. Dairy calves fed milk alone made supernormal growth to 
6 months of age then gradually developed anorexia, lost weight, 
and died at the approximate age of 11 to 12 months. Calves fed 
milk supplemented with iron, copper, manganese and cod liver oil 
made supernormal gains and continued gaining longer than the 
calves on the sole-milk diet. At 10 months of age they were almost 
20 per cent above normal in size and showed no evidences of anemia. 
At the approximate age of 10 months these calves began to lose 
weight and survived only a month longer than the ca·lves on the 
sole-milk diet. 
2. During the first 6 months both groups of milk-fed calves 
made greater gains per unit of total digestible nutrients and digest-
ible protein consumed than "normally fed" calves. The supple-
mented-milk calves made more efficient gains than the calves on the 
sole-milk diet. The computed gross energetic efficiency of the milk-
fed calves was above normal from birth to the period of decline in 
feed consumption, which occurred at 6 months for the calves on 
the sole-milk diet and at 10 months for the supplemented-milk 
groups. 
3. The energy metabolism of all milk-fed calves tended to 
be a·bove normal. These calves, after 6 to 8 months, were dyspneic, 
nervous and began to lose weight, a combination of circumstances 
which may explain the relatively high metabolism. The milk-fed 
calves reached a practically post-absorptive condition about 12 
hours after feeding. 
4. The calves fed milk alone began to show lowered hemoglo-
bin values and general evidences of anemia at 6 to 8 months of 
age. Calves fed milk supplemented with 15 mg. iron, 1.5 mg. 
copper, and 1.5 mg. manganese per liter of milk, and cod liver oil, 
did not develop anemia. The addition of the minerals and cod liver 
oil to milk prevented anemia and delayed appearances of anorexia, 
dyspnea, and physica-l weaknesses from 5 to 8 months to 9 to 10 
months. 
5. The nature of the dietary deficiency responsible for death 
is obscure but a vitamin deficiency is suggested, inasmuch as rats 
have been raised on milk diets supplied with minerals and vitamins 
for six genera·tions. 
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6. Milk diets supply sufficient calcium, phosphorus and mag-
nesium for satisfactory skeletal development and maintenance of 
normal levels of these constituents in the blood. No evidence of 
tetany was observed. 
7. The calves fed on an exclusive milk diet received sufficient 
vitamin D by solar radiation and in the milk for normal bone 
calcification and to maintain normal blood calcium, phosphorus 
and magnesium levels. Bone development in both groups of the 
milk-fed calves was satisfactory, but the addition of cod liver oil 
to the diet of the supplemented-milk group gave a more dense and 
thicker walled bone. 
8. Calves on this experiment died while receiving typical 
"winter milk." It is suggested that the survival period might have 
been longer on "summer milk." Indeed, it is conceivable that the 
calves might have survived indefinitely on "summer milk" as pro-
duced by cows on young grass. The underlying difficulty may not 
be in the milk, but in the feeds eaten by the cows producing the 
milk. 
9. Hemorrhage of the kidney, lung, thymus, and degeneration 
of the heart muscles were common post-mortem findings in the 
milk-fed calves. The lining of the abomasum was usually catarrhal 
and healed lesions or in some cases active ulcers were found in 
both groups of calves. The ulcerous areas were usually confined 
to the pyloric end of the stomach. The predisposing cause of ulcers 
remains a puzzling problem, but it is of some significance that the 
diet of these calves supplied very small amounts of vitamins B4 , a 
deficiency of which is reported to cause gizzard lesions in the fowl. 
10. The tissues of the ca:lves fed milk alone showed a lack 
of color. In all milk-fed calves the rumen was small and the walls 
atonic; the omasum was poorly developed and the laminae small. 
Some hypertrophy of the thymus, particularly the extrathoracic 
portion, was observed. 
11. The histological pictures of the internal organs from 
these calves showed little deviation from normal. 
12. The liver, spleen, kidney and muscle tissue of the calves 
fed a sole-milk diet were below normal in iron, copper and man-
ganese content. Calves fed milk supplemented with 15 mg. iron, 
1.5 mg. copper and 1.5 mg. manganese per liter and cod liver oil 
were above normal in the percentage of iron, copper and manganese 
conta:ined in the liver, spleen and kidney. The spleen and liver were 
richest in iron, copper and manganese, which substa:ntiates the 
view that these organs serve as storehouses for these elements. 
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13. The data presented bring to a focus the apparent fact that 
in spite of the success of raising rats on milk supplemented with 
iron, copper, manganese and cod liver oil, cattle need something 
in addition to enable them not only to grow, but even to live 
after 12 to 14 months of a:ge. The nature of this limiting factor or 
combination of factors presents an interesting problem for further 
research. 
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APPENDIX 
LIFE HISTORY OF ANIMALS 
Controls 
No. 719, born 9-3-34; dropped from experiment 9-6-35. 
No. 720, born 9-3-34 dropped from experiment 9-6-35. 
No. 721, born 10-13-34. dropped from experiment 9-6-35. 
No. 722, born 11-13-34; dropped from experiment 9-6-35. 
No. 723, born 11-13-34; dropped from experiment 9-6-35. 
These five heifers were selected to serve as controls for the milk-fed groups 
in a study of the blood picture (see Fig. 2). They were fed wholemilk the first 
15 to 20 days. Skimmilk gradually replaced the wholemilk after the twentieth 
day. Green, leafy alfalfa hay and a grain ration consisting of 20 parts ground 
corn, 10 parts ground oats, 8 parts wheat bran, 1 part linseed oil meal and 1 part 
gluten meal or cottonseed meal, was fed as early as the calves would consume it. 
One per cent of salt was added to the grain mix, and a mixture of equal parts 
steamed bone meal and salt was available ad libitum in the exercise pens. The 
general level of feeding was comparable to that for normal calves, described in 
Mo. Agr. Exp. Sta. Bul. 338. The calves were kept in outdoor exercise lots when 
the weather permitted. 
Calves on a Sole-Milk Diet 
The growth and development of all calves in this group was normal. 
No. 617E, born 9-24-34. This calf weighed 85 pounds at birth. She was 
IP,laced on a sole-milk diet and fed wholemilk three times daily. A muzzle was 
kept on her except at feeding time and during metabolism trials. The average 
daily milk consumption is shown in Table 7. She started refusing milk at five to 
SIX months of age and thereafter failed to make rapid gains. At 180 days of 
age she was dyspneic, nervous, listless, anemic and pale about the muzzle and 
eyes. These conditions, accompanied by anorexia, continued until death. There was 
no evidence of rickets and with the exception of slightly enlarged knee joints, 
the skeletal development seemed normal. At 270 days it was difficult for her to 
rise and feed refusals were common. She was observed in heat when nine monthE 
of age. She died in convulsions at 391 days of age. 
No. 637E, horn 10-22-34. This calf weighed 98 pounds at birth. She was 
placed on a sole-milk diet at birth and kept muzzled. The first six months 
of age she made supernormal gains. At six months of age the blood showed 
evidences of anemia and she was slightly dyspneic, listless and rough in coat. 
The lack of barrel development, as compared to normal, was very conspicuous 
(see photographs). At 270 days of age she was very emaciated, refused feed 
and was losing weight slowly. At 300 days she was-weak and hardly able to move 
about. As time progressed she became weaker and refused feed for days at 
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a time. She died at 323 days of age. There we1'C no evidences of tetany or 
convulsions. 
No. 670E, born 10-22-34. This calf weighed 98 pounds at birth and was 
the strongest and hardiest calf on the experiment. The feeding and management 
was similar to that of No. 617E. The first six months she made lC.pid gains and 
seemed little affected by the rigors of an exclusive milk diet, except for a lower-
ing of the blood hemoglobin. At six months of age, she became slightly dyspneic 
and refused food occasionally. Her body weight continued to increase and at 
seven months of age she was 100 pounds above normal. Although dyspneic and 
nervous she continued to gain until 10 months of age, and the blood hemoglobin 
while low, did not lower progressively. It finally develo'ped that she was ingest-
ing straw, dirt, cinders, feces, and hair through the air holes in ner muzzle. It 
was difficult to prevent her from ingesting foreign material so all bedding was 
remorved and a special muzzle provided. At 15 months, of age the blood hemo-
globin dropped to 8.7 grams and lowered progressively thereafter until death, 
when value of 4.7 grams was obtained. In spite of anemia, this animal remained 
well fleshed and weighed 745 pounds at death, which occurred at 530 days of 
age, without apparent struggle or convulsion. This heifer was observed in heat 
several times between the ages of 9 and 15 months. 
Calves on Supplemented Milk Diet 
The five calves in this group were fed on wholemilk supplemented with 15 mg. 
iron, 1.5 mg. copper, and 1.5 mg. manganese per liter. Cod liver oil was fed at the 
rate 0'£ 0.5 to LO per cent of the total dry matter ingested daily. The calves were 
fed tlu-ee times per day. Each calf was given all the milk she woulc! consume 
at a feeding. The average milk consumption was roughly one pound of milk daily 
per 10 pounds of liveweight (Table 7). All calves were muzzled except at fe eding 
time or during metabolism trials. They were allowed exercise in an Gutdoo,r 
lot when the weather permitted. 
No. 655E, born 11-9-34. This calf weighed 70 pounds at birth. Her growth 
and development on the supplemented-milk diet was above normal until she was 
eight months of age with a body weight of 585 pounds. Feed refusals were not 
common until 9lh months of age. After the ninth month the calf became somc-
what dyspneic, weak, listless and unthrifty in appearance. Hcr hair and hide 
was dry and harsh. At 328 days of age she was unable to rise, but stiJI drank 
milk and water. Five days later she was found dead at the morning feeding 
period. There was no evidence of struggling or convulsion. 
No. 661£, born 11-13-34. This animal weighed 94 pounds at birth and grew 
faster than normal on the supplemented milk diet until 10 months of age. 'fo 
10 months of age she was well fleshed, alert, thrifty' looking, and normal ap-
pearing except for lack of barrel development. She was observed in heat on three 
different occasions. At II months dyspnoea and anorexia were in evidence and 
gains became slower. At 10 months she weighed 645 pounds but lost 15 pounds 
during the eleventh month. She continued losing weight and died at 373 days. 
The last recorded weight was 604 pounds. Feed refusals were experienced only 
the last month and she consumed 20 pounds of milk the day she died_ She ','Vas 
found dead at the morning feeding. There was no evidence of convulsions. 
No. 664E, born 11-20-34. This calf weighed 80 pounds at birth. To 10 months 
of age her growth and development was supernormaL At nine months she 
weighed 580 pounds (71 pounds above normal), was well fleshed and alert in 
her movements. After the tenth month she began refusing feed and gained slowly. 
Dyspnoea developed, as in the other milk-fed calves, at this stage. She was ob-
served in heat twice during the ninth and eleventh month. She became prostrate 
at the 355th day, but continued to consume from 25 to 35 pounds of milk daily. 
She was killed and a post-mortem examination made on the 340th day. Tetany 
was not observed. 
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No. 679E, born 11-8-34. This calf weighed 83 pounds at birth and was the 
most vigorous calf in the supplemented-milk group. Her growth and gain in 
weight was decidedly above normal until the eleventh month. At 10 months 
she weighed 630 pounds (78 pounds above normal), and appeared normal except 
for the characteristic shallow body of all milk-fed calves. At 11 months of age 
she was consuming above 60 pounds of milk per day. She became dyspneic the 
tenth month. After tht eleventh month she refused one feed per day and gained 
slowly. She was observed in heat bs>th the tenth and twel fth months. Feed re-
fusals were more common during the thirteenth and fourteeenth months, but rarely 
did milk consumption fall below 30 pounds per day. At 404 days of age she 
was seized with violent convulsions and died within two hours after the first 
attack. 
No. 699E, born 11-16-34. This heifer weighed 87 pounds at birth. She made 
the rapid gain of the other milk-fed calves and at the end of the first six months 
weighed 417 pounds (62 pounds above normal), and at 10 months she was 70 
pounds above normal and strong and hardy. Dyspnoea appeared during the ninth 
month. She occasionally refused milk during the tenth month. From the eleventh 
month until death, at 380 days, one to two of the three daily offerings of milk 
was refused. She lost weight and gradually became weaker, dying at 388 days 
of age. Death was apparently without convulsions. 
